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vi PREFACE 

the earth's history, and to appreciate the importance of the fact 
that he derives his existence from the same ultimate sources and 
is subject to the same natural laws as all the other living things 
witli which he shares the earth, we shall perhaps see the 
necessity for making Biology, in the widest sense of the term, 
one of the foundation stones of our eduoitional system. 

In the meantime those who wish to familiarize themselves 
with the nipidly accumulating results of biological investigation 
and the bearing of these results upon human problems ought 
not to be debarred from so doin*; by want of the necessary 
knowledge of fundamental facts and principles, and it is largely 
with a view to the requirements of such students that the prei^eiit 
work is offered to the public. 

That even the elementary study of biological theory should, 
wherever possible, be preceded liy n systematic course in Zoology 
and Botany, based upon the type-system and including laboratory 
work, is, no doubt, indisputable. rnfortunat«ly, under existing 
conditions, regular laboratory work is, for most people, im- 
possible. Vi'e are apt to forget, however, that in reality we all 
of us spend our lives in a biological laboratory, where we are 
surrounded by living organisms which we can hardly avoid 
studying. In this way we learn much of the nature of living 
things and are to some extent prepared for the study of biological 
principles. 

The problems of life, however, cannot be satisfactorily solved 
if we confine our attention lo the higher and more familiar forms 
of plants and animals. Man, in particular, is far too complex a 
type to begin with in a philosophical treatment of the subject. 
The logical method of study is, no doubt, to follow as closely as 
possible the course which we believe to have l)een taken in the 
actual evolution of living things, beginning with the simple and 
ending with the complex. This method, of course, is uttendeil 
with certain })ractical ditliculties, mainly due to the microscopic 
size of the more primilivt^ organisms, but these diHiculties are 
not insurniounlalile and ni-ed not be considcied in relation to the 
present work. 

As I wish this book to be of use to those who have had no 
special biological training, as well as to students who have taken 
the ordinary first year's course, I have, in the earlier chapters, 
dealt in a very elementary manner with the structure and 
functions of both planls and animals. I have described Amaba 
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PREFACE vii 

and Hfematoeoccus in considerable detail and used these familiar 
orfraniBms as pegs on which to han<^ some elementary ideas witli 
regard to the nature of living things and the difEereiices between 
animals and plants. Otherwise I have as far as possible avoided 
the tjpe-system as being altogether unsuitable for a work of 
this kind, though of course I have been obliged to refer to 
numerous different orgimianis in illustration of special points. 

It was only by rigidly excluding from the earlier part of the 
book everything that was not considered essential to the under- 
standing of general principles that it has been possible to find 
space for even a brief presentation of the evidence upon which 
the theory of organic evolution rests, and for a discussion of the 
principal factors which appear to have co-operated in determining 
the course of that evolution. 

Although the entire work is intended to l>e of an elementary 
character, it has been impossible, in connection with the theory 
of heredity, to avoid, on the one hand, a considerable amount of 
cytological detail, and, on the other, some discussion of theoretical 
speculations of a highly controversial nature. In dealing with 
these vexed questions, which underlie the whole problem of 
organic evolution, I have endeavoured to present the views of 
opposing schools of thought as fairly as possible, but I must 
confess that I have ventured to lay considerable stress upon 
ideas which, though widely accepted elsewhere, have not as yet 
met with much appreciation in this country, though that they 
will do BO in the future can hardly be dimbted. 

By way of introduction to the discussion of the factors of 
organic evolution a chapter has been devoted to ihe views of 
BufFon, Erasmus Darwin and Lamarck, and another to those of 
Charles Darwin, Robert Chambers and Alfred Russel Wallace, 
and I have endeavoured to present tbe opinions of these classical 
authors as far as possible by menns of quotations from their 
own writings. 

In a work such as the present the employment of numerous 
technical terms is, of course, unavoidable, but it is hoped that 
the meaning of these is sutliciently esplahied in the text, and the 
use of tbe index should obviate any dilticulties in this respect, 
especially if tho book is read systematically from the first chapter 
onwards. 

It is a pleasure to reeord my thanks to matiy colleagues who 
have ungrudgingly helped mo in various ways. Amongst these 
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I should like especiall.v to menlion Professor Poiillon, Professor 
Herbert Jackson, Pr. Stapf, Dr. Davdon Jackson, Dr. Sibly and 
Professor G. E. Nicholls ; while to Mr. B. W. H. Row, of the 
Zoological Department at Kind's College, I aui much indebted 
for the trouble whicb he has taken in reading through the 
proof-sheets and for many valuable suggestions. 

I owe a sincere acknowledgment to my publishers, Messrs. 
Constable & Co., for their generosity in the matter of illustrations. 
Most of these are either entirely new or, in some cases, specialty 
re-drawn from original memoirs. I have made exiensive use of 
photomicrograpby for microscopic subjects, and in the prepara- 
tion of the photographs at King's College have received much 
assistance from Dr. Itoseuheim, Mr. Row, and my assistant 
Mr. Charles Biddolph. 

For the loan of the blocks from whicb the remainder of the 
illustrations have l>een printed, or for permission to copy, I am 
indebted to the generosity of the following : — 

Messrs. George Allen and Son, 

" The American Journal of .Science," 

Mr. Edward Arnold, 

Messrs. George Dell an' 8ons, 

Messrs. A. and C. Black, 

The Cambridge University Press. 

The Clarendon Press, 

Messrs. Constable A Co., 

Messrs. Duckworth \- Co., 

Ilerr ^V. Engelmann, 

Herr Gnstav Fischer, 

"The Journal of ICxperimenlal Zoology,' 

Messrs. Kegan Paul, Trench, Triibner & Co., 

The Council of the Linnean Society of London, 

Mes.srs. Longmans, (ireen i& Co., 

Mr. John Jfurray, 

•' The Quarterly .Tounml of Microscopical Science," 

The Council of the ]!ay Society, 

Messrs. Smith, Elder \' Co., 

The Trustees of the British ^liiseum, 

Messrs. T. Fisher I'nwin. 

Messrs. F. Warne A Co., 

Vcrlag des Bibliographischen hihtituts, Leipzig und Uien. 
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I mast also express my gratitade to the namerous authors 
whose work I have mode use ot, and whose names are mentioned 
in the appropriate places. 

I am indebted to the Council of the Boyal Society of Arts for 
permiaaion to make use of the Aldred Lecture which I delivered 
before the Society in 1909, and which is to a large extent 
reprinted from their Journal in Chapter XIV. 

ARTHUR DENDY. 
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OUTLINES OF EVOLUTIONARY 
BIOLOGY 



PART I.— THE STRTJCTURE AND FUNCTIONS 
OF ORGANISMS— THE CELL THEORY 



Introductory : Tho nature of life — Tlio living organUm viowod as a tnacliine 
— Tho eaaODtiul (unctions of the living budy — The Bouitie of energy in 
living things. 

There are many ways in which the extremely heterogeneous 
materials of which the earth is composed may be classified. 
Physicists often speak of them as solid, liquid or gaseous 
respectively, but we know that one and the same substance may 
exist in any of these conditions, changing from one to the other 
in accordance with clianging conditions of temperature and 
pressure. Chemists, on the other hand, tell us that all sub- 
stances are mnde up of certain definite chemical elements, 
occurring free or in a slate of combination with one another, 
and that the almost infinite variety of gases, liijuids and solids 
with which we are familiar has arisen mainly from this power 
of combination in very diverse but perfectly definite ways. The 
tendency of modern research, however, is to show that even the 
so-called chemical elements are not really so elemeutary in their 
nature as has been supposed, and it is quite conceivable that 
they may all have a common origin. 

Our present purpose is to investigate a condition of matter 
which altogether transcends the classifications of the chemist 
and the physicist, a condition in which it exhibits those peculiar 
phenomena which we regard as manifestations of Life, and the 
itudy of which consLilutus the science of Biology. It in nut 
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2 OUTLINES OP EVOLUTIONARY BIOLOGY 

that living matter differs fundamentally from oot-Iiviiig n 
in obemioal or physical characters. On the contrary we reeog- 
nize in it exactly the same chemical elements — or rather some 
of them — AS we find in other constituents of the earth, and 
these elements appear to obey precisely the same chemical and 
physical "laws" in both cases, but in the living body they an 
associated and combined with one another in each a tnannw as 
to give rise to substances much more complex than any fouid 
outside the animal and vegetable kingdoms, and possesaed trf 
peculiar properties which raise them to an altogether higher 
plane of existence. The complex substances in qoestion con- 
stitute protoplasm, which is the one essential constttoent of 
every living tiling, upon the peculiar properties of which the life 
of the organism depends. 

We may begin our investigations into the nature of this life 
by examining the well-worn but none the less valuable analogy 
of the dame of a candle. Chemists and physicists have taaght 
us thst ilamo consists of iucandeBcent matter, raised to a high 
temperature by the process of combustion, or chemical anioa 
with the oxygen of the atmosphere, and that the flame can exist 
only so long as the combustion goes on and a sufficiently high 
temperature is thereby maintaiued to render the burning matter 
luminous, or in other words to produce those vibrations of the 
invisible and intangible ether which we recognize as light. The 
flame, then, is the outward and visible sign of certain chemical 
and physical processes, of the action and reaction between the 
lunterial which is being burnt and the atmosphere which 
Hurrounds it. 

Hiniilitrly biologists have learnt to recognize life as the expree- 
Hiiiii of the constant interaction which goes on between the living 
(irgunisni and its environment, or, in the words of Herbert 
HiHincor, " the continuous adjustment of internal relations to 
iixtiirrial relations." Bo far as we have yet been able to analyse 
It, tliiH inleriiction also consists of chemical and physical pro- 
iioHmiH, iiiiinngKt which combustion plays a large part ; but the 
wliiitn buNituiHH is vastly more complex than the processes 
iiiviilviid ill the production of a flame, and so far many of ita 
dtitiiilH liiivii duAod analysis. 

Wi) may vary our analogy by looking upon the body of a living 
urKAiiiHii), wliuthor plant or animal, as an extremely elaborate 
tiiiiiiiiu or niiudiine, whose existence depends upon a perfect 
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ORGANISMS AND MACHINES 8 

adaptation to its environment, and whose action consistB in 
continual self- adjustment to changes in that environment. 
What we call the life of the organism consists of the sum total 
of all the activities which it thus exhibits. The question at once 
arises: How, then, does a living organism differ from a mere 
man-made machine ? and this queBtion is one which it is by no 
means easy to answer. An organism, however, is not merely a 
piece of apparatus which has the power of maintaining itself for 
a longer or shorter period in a state of equilibrium with its 
environment and thereby preserving itself from destruction, for 
it also has the power of reproducing its kind by a process of self- 
multiplication. In the case of an artificial machine, where there 
is little or no automatic adjustment, the forces of the environ- 
ment very soon get the upper hand ; the metal work becomes 
corroded by oxidation, or worn away by friction, and presently 
the whole affair comes to a standstill. Oxidation and friction, 
and innumerable other chemical and physical agencies also tend 
to destroy the machinery of the living body, but for a longer or 
shorter period they are held in check by automatic processes of 
repair and renewal, and when the inevitable end does come it is 
usually not until the organism has produced at least enough off- 
spring to take its place in the struggle for existence. 

One of the most brilliant writers of the nineteenth century, 
Samuel Butler, has indulged in the somewhat fantastic sugges- 
tion that some day the construction of machines might be so 
perfected that they also would be able to reproduce their kind, and 
the httle steam-engines would be seen playing al)oiit the door of 
the engine shed. It certainly does not seem possible that 
machines will ever multiply in this way, but should they do so, 
and should they at the same time be able to feed and grow, it is 
diBicult to see why they should not be as much entitled to be 
called living organisms as any of the plants and animals which 
inhabit the earth to-day. They would, however, still "be totally 
different from plants and animals both in structure and 
composition. 

One of the most remarkable and characteristic features of the 
living things which inhabit this earth is that they are all com- 
posed of very similar materials, which are very different in their 
natnre from any which we should be likely to choose in the 
construction of a machine. In making an engine we select those 
Buhetances which seem best calculated to resist the destructive 

B 2 
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4 OUTLINES OP EVOLUTIONARY BIOLOGY 

action of the onvironment ; hard and rigid metals which wiU 
bear heavy strains, and as far as possible such as will be proof 
against the chemical action of the atmosphere ; and we do our 
beBt by means of oil and paint to protect even these from injurious 
induences. 

A living body may also have its bard protective structures, as 
the shell of the oyster and the scales of the fish, or ite rigid 
levers, as the bones in our own limbs, but the really eBsential 
part of theorgamsm is built up of just those materials which are 
most liable to destruction by chemical and pbysteal agencies^-of 
that almost liquid and extremely unstable substance which we 
have already referred to as protoplasm, and of its various 
derivatives. The experience of every day teaches us how 
rapidly the bodies of animals and plants decay when they are 
left exposed to the atmosphere after life has become extinct ; and 
this decay is simply the destrucLion caused by the disintegrating 
forces of the environment. A disabled steamboat may lie 
rusting on the shore for many years without undergoing much 
chani^e, but the dead body of a stranded jelly-lish thrown up 
beside it will become disorganized and disappear in the course of 
a few hours, and yet the Jelly-fish when alive was undoubtedly 
the more complex and perfect piece of apparatus. 

Tbe body of an organism, moreover, undergoes destruction 
not only after death ; it is always undergoing destruction, and 
its very life depends upon its destruction, just as the flame oi a 
candle de)>ends upon the destruction of tlie candle. But as it ia 
destroyed it is constantly built up ai;ain ; new protoplasm is 
formed and new tissues take the place of those which are worn 
out. The life of the organism is, in fact, the outcome of the 
constant struggle between destructive and constructive forces, 
and the keener the struggle the more vigorous will be the life — 
just as the tlame will be brighter or hotter in proportion to the 
activity of the combustion to which it owes its existence. 

Life, like the Hame, is a manifestation of energy, and tbe 
living body ia, like the steam-en(jine, a machine for transforming 
one kind of energy into another. Moreover, the ultimate source 
of the energy is the same in both cases. That of the steam- 
engine is derived from tbe combustion or oxidation of coal, which 
contains stores of energy derived millious of years ago from the 
light and heat of the sun by the green plants which flourished 
in the vast forests of the Carboniferous epoch. Tbe green plants 
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of to-daj still derive supplies of energy from the Bame source 
and lock up in their leaves and stems what they do not them- 
selves expend, while the animals in turn derive their energy 
from the green plants upon which they directly or indirectly 
feed. Hence both plants and animals are ultimately dependent 
upon the sun for their existence. 

Even the most superficial examination is sufficient to demon- 
strate the fact that the body of any of the more familiar animals 
or plants is, as we have already indicated, an extremely complicated 
thing. Whatever may be the degree of complexity, however, and 
however much one organiBm may differ from another in details 
of structure, whether it be a microscopic alga or an oak tree, an 
Amceba or a man, there are always certain things which have to 
be done, certain actions or functions which have to be performed, 
in order that its life may be maintained. 

In the first place, the organism must safeguard itself as far &s 
possible from the destructive influences of its environment. It 
must not only be able to protect itself from such pbyuical agents 
as heat and cold, mechanical impact and friction, but it must be 
able to select a situation where life is {lossible, and to escape 
from other organisms by which it is liable to be attacked. All 
this involves the expenditure of energy in some form or another ; 
it may be in the manufactureor secretion of protective envelopes 
or shells, such as we find even in some of the simplest Protozoa, 
or it may be in actively moving away from the source of danger. 
Thus it appears that the very first thing necessary for the 
maintenance of life is the expenditure ot energy. This 
energy, though ultimately derived from the sun, is, as we have 
already seen, derived immediately from the combustion of 
fuel, very much as in the case ot a steam-engine, but with the 
important dtfi'erence that in the living organism tlio fuel is, at 
any rate to a large extent, the actual substance of which the 
body is composed. In this respect the comparison with a candle 
is especially apt, for it is the combustion of the actual substance 
of which the candle is composed that liberates the energy 
manifested in the light and heat of the Hame. 

Now combustion is, of course, simply another name for what 
chemists term oxidation, or combination with the element 
oxygen, a process which is often accompanied by the liberation 
of a considerable amount of energy in the form of heat and 
light, though this is by no means always the case. In the 
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higher animals BufGcient heat is evolved to maintain the 
temperature of the body at a level coaBiderably above that of the 
BUrrounding atmosphere, and such animals are accordingly 
termed " warm-blooded " ; in plants, on the other hand, and in 
tlie " cold-blooded " lower animals, the amount of heat evolved 
is not as a rule sufficient to raise the body temperature to any 
great extent, if at all. Heat, however, is only one form in which 
energy may be manifested, and in living organisms it is, as a 
matter of fact, much more conspicuously manifested in the form 
of motion, especially in animals, while in not a few cases even a 
low temperature combustion may liberate energy in the form of 
light, as in the glow-worm and numerous other luminous 
animals and plants. 

When a piece of charcoal is burnt in the air it enters into 
combination with the elementary oxygen gas of the atmosphere, 
and another invisible gas which we term carbon dioxide, or 
carlHinio acid, is produced, in accordance with the equation — 

C + Oj = COa 

(Oarlxin) (Oxygen) (Carbon Dioxide). 

In tbiH process energy in set free in the form both of heat and 
liglit. We muHt now inquire a little more carefully whence this 
energy really comes, for allhough this is a question primarily 
for the chemist and physicist it is also clearly one which the 
biologist cannot afTord to leave unanswered. 

In accordance with the principles of the conservation of 
energy and the indestructibility of matter we believe that the 
({uantitieH of energy and niattor which exist in tlie universe 
are fixed and constant. Neither energy nor matter can I)e 
created and neither can be destroyed, though each may express 
ituelf in a great variety of ways and change more or less readily 
from Olio modu of expression to another. Thus, as we have 
already seen, the energy of the sun's rays may lie utilized in 
building up the bodies of green plants, and locked up, as it were, 
in the substances ()f whicli these are compised. 

We also know that diHerent chemical elements have a very 
strong " affinity " for ouu another, their atoms tending to 
unite and form compound molecules when they are brought 
within the sphere of each other's attraction. Once united 
they can only be separated again by the exi^enditure of energy, 
and when they unite a corresimnding amount of energy is 
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liberated. We may say, for example, that in the elements 
carbon and oxygen, bo long as they remain separate, a certain 
amomit of energy remains latent. We call this potential 
energy. When the carbon and oxygen atoms are allowed to 
oome together aod unite, this potential energy of chemical 
affinity is liberated ae kinetic energy, and manifested in the 
form of light and heat. 

It is from the potential energy of chemical affinity that the 
energy of a Hving organism is immediately derived. Protoplasm, 
the fundamental constituent of both plants and animals, contains 
chemical compounds of extremely complex structure, composed 
of many elements and containing a large amount of potential 
energy locked up in them. Moreover, these proteids, as 
they are termed, are extremely anstable bodies, readily breaking 
up on oxidation into simpler and more stable combinations and 
thus liberating energy. It is the presence of these unstable 
proteids which confers upon protoplasm its peculiar fitness to 
form what has been so aptly termed by Huxley " The physical 
basis of life." They play the part of the gunpowder in a 
cartridge, ready to produce a manifestation of energy as 
soon as the proper stimulus is applied. 

It is, then, the breaking up of proteids, or of some other 
complex substances, usually by recombination of their con- 
stituents with oxygen, which furnishes the constant supply of 
energy which an organism requires. This process, however, 
can only go on so long as the supply of combustible matter on 
the one hand and of oxygen on the other is adequately main- 
tained, and this brings us to the consideration of two of the 
most important functions which every living organism must 
perform, nutrition and respiration. 

Under the head of nutrition we must include all those 
processes which are concerned in building up the body, in 
making good the waste of substance necessitated by the expendi- 
ture of energy and thus providing new stores of fuel for the 
use of the organism. The first step in nutrition is the taking 
into the body of suitable food material. In the case of the 
typical animal this material must contain in some form or 
other all the necessary supply of potential energy, locked up in 
more or less complex and unstable chemical compounds such 
as it can obtain only from the bodies of other organisms. The 
green plant, on the other hand, by virtue of the chlorophyll 



Digitized byGoOgle 



^' 



8 OUTLINES OF EVOLUTIONARY BIOLOGY 

which it contains, has the power of absorbing energy directly 
from the aun's raja and using this to build up the complex 
proteids from very aimple constituents. The feeding of the 
organism, whether plant or animal, is comparable to the stoking 
of the engine, but with this di£Ference, that the food material, 
unlike the fuel in the engine furnace, has usually to undergo 
complex chemical processes, which may actually result in the 
formation of new protoplasm, before it is available ae a source 
of energy. 

Supplies of energy are, of course, useless unless they caa 
be liberated when required. The fuel must be burnt, and 
for this purpose, as we have already said, a supply of oxygen 
gas is necessary, and the function which h concerned in pro- 
viding tliis supply we call respiration. The term respiration, 
however, is one in the employment of which we shall have to 
exercise a certain amount of care. It is naturally associated 
in our minds with the mechanical act of breathing which we 
ourselves perform. We can see a man breathing, but we cannot 
see an oak tree breathing ; nevertheless the oak tree performs 
the function of respiration just as efficiently as the man. We 
have to learn to dissociate the essential part of this function, 
which is common to all living things, from the subsidiary com- 
plications which have been introduced in the case of the higher 
animals during the course of their evolution from lower forms. 

Respiration, in the scientific acceptance of the term, is simply 
the exchange by the organism of the carhou dioxide gas which 
has been formed in the body in the process of combustion for 
the oxygen gas which is required for that oombuBtion. It ie 
therefore a double function — oxygen being taken in and carbon 
dioxide got rid of by one and the same process. This process 
is, in its essential features, an extremely simple one, depending 
upon the physical principle of osmosis or diffusion, in accordance 
with which two gases of different densities tend to change places, 
until equilibrium is established, whenever they are placed in 
the necessary relations with one another, as when they are 
separated only by some membrane through which both can 
pass. 

Carbon dioxide, however, is not the only waste product 
resulting from the breaking up of the complex proteids, for 
these also contain hydrogen, nitrogen, sulphur and phosphorus, 
and other products of decomposition are accordingly formed 
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which contain amongst them all of these elements. These mnst 
also be eliminated from the body, and this pFOcess of eUmination 
of waste products constitutes the function of escretion. This 
function may be performed in a variety of ways and by a variety 
of organs. In so far as the carbon dioxide is concerned it is, as 
we have already seen, nil essential part of the function of 
respiration. Urea, on the other hand, a nitrogenous substance 
which is perhaps the most characteristic waste product in the 
higher anii^als, is eliminated by special excretory organs, euch 
as the kidneys. In the case of the higher plants the waste 
products are for the most part stored up in the leaves and 
got rid of when these are shed. 
We have thus seen that the supply of energy to a living 



Living Protoplasm 




Pio. 1,— Diagram of UotaboliMn. 

organism, and therefore also its life, depends upon a series 
of complex chemical processes which take place within the body. 
All these processes collectively are Bix>keu of as metabolism, and 
we may distinguish between two sets of metabolic changes ; 
those which are constructive and lead to the building up of 
new living protoplasm out of food material, and those which 
are destructive and lead to the decomposition of the body 
substance, the liberation of energy and the formation of waste 
products. The former are termed anabolic and the latter 
katabolic. 

We may roughly illustrate these elementary conceptions of 
the chemical processes which take place in the living body by 
the accompanying diagram, in which a mass of living protoplasm 
is represented as balanced in a very unstable position on the 
apex of a triangle. It is constantly undergoing destruction, 
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accompanied by the liberation of energy and reBnlbing in the 
formation of waste products, Bubstances which, in falling down 
one side of the triangle to a lower level, to a greater or 
lesB extent lose their potential energy. On the other side of 
the triangle, howaTer, complex food material, containing fresh 
supplies of potential energy, is supposed to be taken in, or, in 
the caBe of green plants, actually built up from simple con- 
stituents by the energy of the sun's rays, and used in repairing 
the waste of the protoplasmic body. 

It the constructive processes proceed more vigorously and 
rapidly than the destructive, it the food supply is abundant and 
the expenditure of energy comparatively low, the body may 
grow, though, as we shall see presently, only within certain 
limits. If the reverse is the case and the expenditure exceeds 
the income, the body may dwindle away and finally die. It it 
is to remain in a condition of healthy equilibrium a just balance 
must be maintained between the two sides of the account. 

Perhaps the most characteristic property of living things is, 
as we have already suggested, the power of reproduction. This is 
the last resort of the organism in the struggle for existence. The 
individual, which owes its very life to the perisbsble nature of 
its body, always succumbs to the destructive influences of the 
environment sooner or later, but before yielding to the inevitable 
it will, under normal conditions, have produced ofispring which 
will carry on the struggle for another generation. 

The phenomenon of reproduction is intimately associated 
with that of growth, and may be traced back to the division of 
a snnple ancestral mass of protoplasm into two parts whenever 
itn size increased to such an extent thiit the ratio of surface to 
volume became too small for the necessary intercourse between 
the organism and its environment. With this diviuion of the 
protoplasmic body the proper proportion is restored, and hence 
reproduction by multii)lication of protoplasmic units may be 
looked upon us primarily the direct consequence of super- 
abundant nutrition. 

We have now learnt to look upon an animal or a plant as a 
complex and extremely delicate piece ot mechanism, constantly 
employed in collecting energy directly or indirectly from the 
sun's rays and in using that energy to maintain an incessant 
struggle against the destructive forces of its environment. This 
incessiiut getting and spending, winning and losing, constitutes 
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what we call the life of the organism. In considering what is 
the meaning of all this we must remember that, primarily at any 
rate, every living thing eiists for its own benefit, and that 
living, like virtue, is its own reward. The organism also, 
however, exists for the benefit of future generations, to which 
it may hand on the lamp of life before its own flame is finally 
extinguished. There is a race life as well as an individual life, 
and we cannot realize too clearly that in the economy of nature 
the former is of infinitely greater importance than the latter. 

The ideas which we have just been considering are by no 
means of modern origin. More than three centuries ago the 
philosopher Descartes endeavoured to explain the human body 
as a machine, but as a machine under the control of the " soul," 
which he curiously located in that part of the brain known as 
the pineal gland. His ideas of physiology, however, were, 
naturally, of the crudest description, and immense strides have 
l>een made in this direction since his time. Chemists and 
physicists have helped us much towards a correct understanding 
of the living mechanism, but when they have done their best it 
may well be that the question " What is Life? " will still remain 
unanswered, and that we may still have to take refuge in the 
idea of an unknown "soul" to explain the difference between 
living and not-living things. The " soul " of Descartes' 
philosophy corresponds more or less closely with the " vital 
force " of some more recent writers and the "entelechy"' of 
others, but whatever term we employ it must be rather as a 
cloak for our ignorance than as an expression of any definite 
opinion as to what it is that really animates the living body. 

n," (LiiDdou, 
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CHAPTER II 
Amwba aa a typical orgaDism— The properties of protoplasm. 

In illuBtration of the general principles dealt with in the fore- 
going chapter we may now consider a definite concrete example 
of a living organism. Probably none is better suited for this 
purpose than the familiar Amceba, which may be regarded as a 
kind of pocket edition of a typical animal. 

Amccbie may be found creeping about on the mud at the 
bottom of ponds and ditches. Although of microscopic size and, 
usually at any rate, invisible to the naked eye, they are by no 
means the smallest or simplest of living things, but exhibit 
within the narrow limits of their gelatinous bodies a coDsiderable 
amount of structural differentiation. 

In general appearance {Fig. 2) an Amceba resembles nothing 
so much as an irregular speck of translucent jelly, but if we 
watch it for a few minutes under the microscope we soon find 
that it is something more than this. If in an active and 
healthy condition it never maintains the same shape for long 
together, but manifests an ever-changing irregularity as it 
slowly creeps aliout from place to place, throwing out 
irregular projections of its body first in one direction and 
then in another and withdrawing old projections as new ones 
are put forth. 

The viscid substance of which the entire l)ody is composed is 
protoplasm, but this protoplasm is not homogeneous throughout ; 
on the contrary, it exhibits a characteristic differentiation into 
I>arts or organs, which can l>e more or less readily dintinguished 
from one another and each of which has its own duties or 
functions to perform. 

Inasmuch as it consists of but one protoplasmic unit, however, 
we may speak of the \mdy of an Amtelia as a single cell.' As 
in all other typical cells, the most fundamental differentiation 

' Tlie urigin nni) meaniii); of lhin term will be discuBswi more fully in a later 
cba[ilur. 
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14 OUTLINES OF EVOLUTIONARY BIOLOGY 

Thfl nucleus (Fig. % nu.), composed of a Bomewhat different 
variety of protoplasm sometimes known aa karyoplasm or 
nucleoplasm, is a very definite body of more or less roanded 
form, sometimes shaped like a ban, and easily distinguishable 
from the cytoplasm even in the living animal by its more highly 
refractive character. Its position is by no means constant, for 
it Hoats about from place to place in the interior of the almost 
liquid cell-body. 

The cj-toplasm is very imperfectly differentiated into inner and 
outer portions. The former, in which the nucleus is lodged, is 
often called the endosarc or endoplasm (Fig. 2, end.), the latter 
the ectosarc or ectoplasm (Fig. 2, ect.). The ectoplasm must be 
regarded its a feebly developed protective layer ; it is the part which 
comes into direct rehitiuii with the surrounding water and through 
which all intercourse between the Amoeba and its environment 
muHt take place. Tho'ugh soft and gelatinous, it is a good deal 
firmer and denser than the eitdoplasui, and it is also more trans- 
parent, for the endoplnHm contains imbedded in it numerous more 
or less opaque particles of various kinds which give it a coarsely 
granular chanicter. Most <-f these particles are minute, but 
others are generally present of com^mratively large size and 
enclosed in drops of clear liipiid. These latter are food particles 
(Fig. i, f.p.) undergoing digestion, and they can frequently be 
identified as the bodies of other organisms which the Amteba 
has taken in, microscopic plants or aniiualu smaller than itself. 
The drops of li(iui(l in which they occur are termed food 
vacuoles (Fig. '2,./.c.). 

Another sphericivl drop of linuid (Fig. 2, cr.) may l)e oltserved 
somewhere near the wurtace of the cell-lxtdy. Tliis is perfectly 
clear and coiitiiiuH no solid particles; moreover it undergoes a 
rhythmical dilatation and contraction, gradually increasing to a 
maximum size and then suddenly disappearing owing to the 
discharge of its contents into the surrounding water. If the 
sjwt where this "contractile vacuole" diHapi)ears be carefully 
watched another drop of liijuid is Been gradually to accumulate 
there, and the ]>roceSH is repeated. 

We are told that in the early days of cheniistrj', before the 
highly specialized api)aratuH which is now used was thought of, 
the originator of the atomic theory performed his experiments 
with the ordinary domestic crockery. So also an Aniaslm is able 
to perforui, with the extremely simple apparatus at its disiusal, 
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all those actions or functions which are really dssentiol for the 
maiatenance of life. 

In the higher animals the primary differentiation of the body 
is into an outer protective and an inner digestive layer, each of 
very complex structure. The Amceba accomplishes the same 
end in its own primitive manner by the differentiation into 
ectoplasm and endoplasm. In most of the higher animals, 
again, we find very well developed organs of locomotion in 
the form of limbs. The Amoeba has no permanent organs of 
locomotion at all but merely temporary projections of the body, 
the so-called pseudopodia (Fig. 2, pad.), whicli are put forth when 
required. In both cases, however, movement is effected in 
essentially the same way, by contraction and expansion of the 
living protoplasm. In the higher animals this power of con- 
traction is localized in the muscles, which are highly specialized 
for the purpose and have no other duties to perform, while in 
the Amceba any part of the body, or at any rate of the ectoplasm, 
may contract or expand as occasion requires. 

In the process of formation of a new peeudopodium we see 
first a thickening and protrusion of the clear ectoplasm (Fig. 'i, 
C, eet.), accompanied by a streaming in of the endoplasm, and 
the latter seems to bulge out the ectoplasm as it flows forwards. 
The pseudopodium is withdrawn again by a reversal of the pro- 
cess, the endoplasm streaming out from it into the central mass 
of cytoplasm and the ectoplasm contracting after the retreating 
endoplasm. Thus at the posterior end of an actively creeping 
AmtBba one frequently sees numerous blunt projections which are 
the last remnants of retracted pseudopoditi (Fig. 2, C). The 
shape of the pseudopodia when fully extended differs very much 
in difierent kinds of Amcebte. In some species they are com- 
paratively short, thick and blunt, as in our illustration, while in 
others they are very long and slender, radiating outwards from 
the body of the animal in all directions. They are used by their 
possessor not only as organs of locomotion but also as tactile 
organs and, as we shall see directly, for the capture of prey. 

The protrusion and retraction of pseudopodia imply, of course, 
the expenditure of energy, and this energy must be derived from 
the combustion of the body of the Amceba. In this way the 
protoplasm is gradually used up, and, unless the animal is to die 
of Btftrvotiott, it must be replaced, which brings us to the 
consideration of the manner in which an Amceba performs the 
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important function of nutrition. As it crawls slowly about the 
pseudopodia come into contact with all sorts of solid particles in 
the Burrounding water. Some of these will be inorganic, grains of 
sand and so forth, others will be the dead or living bodies of other 
organisms, sometimes much smaller than the Aniceba itsell. 
The AiuGBlia has the remarkable power of distinguishing amongst 
these different kinds of particles those which are good for food 
from those which are not. How it does so we do not know ; we 
can only say that the presence of a particle which is good for 
food stimulates the living protoplasm in a way quite different 
from that in which it is stimulated by the presence of a mere 
grain of sand. In the latter case the Amoiba will simply pass to 
one side and avoid the object; in the former it will put forth 
pneudopodiii which will close around and envelop it. The food 
piirticle is thus passed through the ectoplasm into the interior 
of the body. There is no definite month, but food is taken in 
wherever it hiipjiens to come into contact with the surface of the 
body, and the aperture closes up atler it. Thus a temporary 
mouth is formed as occasion demands. Similarly there is no 
permanent digeslive cavity or stomach, but merely a temporary 
food vacuole into which a digestive fluid is doubtless secreted 
by the surrounding protoplasm. 

Digestion, as in higher animals, is essentially a process of 
sohition, wherfiby those parts of the food which are digestible are 
diHHolved and renikied capable of diffusing from the digestive 
cavity into the surrounding body. The higher animals make 
use ehietly of throe classes of food material, proteids, carbo- 
hydnitcH (r.g., starches and sugars) and fats. It is said that 
Aniaba can only digest proteids, which of course it must obtain 
from the protoplasmic iKidien of other organisms. When diges- 
tion is complete a certain amount of insoluble residues from the 
food will remain over; these constitute the tieceH and have to be 
got rid of. There is. lnnvever, no permanent vent or anas, and 
the fa;ce8 are cast out through the ectopltusm at the hinder end 
of tlie body as the animal crawls along. 

Owing to the minute size of the whole organism there is no 
need for a complex circulatory system, such as is found in the 
higher animals, for the distribution of the digested food ; it merely 
souks into the surroundhig proU)plasmic l>ody from the food 
vacuoles, and, by analwlic changes wliich are not fully under- 
stood, is converted into new, living protoplasm. 
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It is not easy, if it be posBible at all, actually to observe the 
process of respiration in so small an animal aa an Amceba, but 
we know perfectly well from the analogy of higher organisms 
what mnst take place. Oxygen is reqaired for the combustion of 
the protoplasm from which the energy of the organism is 
derived, and this oxygen occurs in a state of solution in all 
ordinary water which is exposed to the air. At the same time 
carbon dioxide, or carbonic acid gas, must be produced as one of 
the products of the combustion, by oxidation of the carbon in the 
protoplasm. Thia waste product (COa) will first of all be 
dissolved in the water which forms the greater part of the bulk 
of the living organism, while at the same time the water by 
which the animal is surrounded may be regarded as a very 
dilute solation of oxygen. The ontennost layer of the ectoplasm 
may he looked apon as a thin membrane separating the two 
solutions. 

We know from experiment that whenever two gases, or solutions 
of gases, of different density, are separated from each other by a 
thin organic membrane, they will pass through that membrane 
in opposite directions until a state of equilibrium ia established 
between the two. Thia process of osmosis or diffusion is, as we 
have already seen, the essential feature of respiration in all plants 
and animals, although probably the purely physical process is 
controlled to some extent by the living protoplasm. 

In the case of the Amceba then, the carbon dioxide diffuses 
out through the ectoplasm into the surrounding water while 
the oxygen from the sarrounding water diffusea in, and the 
necessary exchange of gases is brought about. No specialized 
organs of respiration, such as we meet with in the higher 
animals, are required. The whole aurEace is a respiratory sur- 
face, and all parts of the interior are within reach by the aimple 
process of diffusion, aided doubtless by the circulation of the semi- 
liquid protoplasm which is constantly going on inside the body. 

Other waste products must be formed by the combustion of the 
protoplasm in addition to carbon dioxide. What these are we 
do not exactly know in the case of the Amceha, but it is evident 
that they must contain nitrogen, which is one of the eaaential 
constituents of all proteids. These waste products muat be got 
rid of by some process of excretion, and it ia usually supposed 
that they ore passed in a state of solution to the contractile 
vacuole and thence periodically expelled to the exterior, so that 

B/- C 
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lih :-.m7rsnik Tarutik it- -pTiAmiAj so 1« regarded as the speoil 
cxrri'iiirr oTCar o: ritt aninikl. 

Ii. kl ;<ir. iiH i.'wtri^ ammali- tbereif- amoreor le^iK tipecUIized 
nen\ii:> >t->»^.u.. vbr«t fusctiiin ii if lo plftoe the different parte 
.•: :'i-n ii.vt II. ronirLUiiiisEinL 'vith <>De another and, throu^ 
iJii iirrs:ia:i.ii: .c iii* iieii:^ orcaiij.. witi) the eitemal world or 
I': i-;ri-(r.iuta.: Tin- urooE M thii- sTslem depends primarilT 
KiviT .''»< i^' :'n< h:Ti^iJii7'i'.:ii] propaniep of linug protoplasm. 
v.-t I'.^s: .if rj-j-j*. 'UciTiT i."- i^omiiH hy some definite chao^ie 
ir. ;> .v-. ;• .D,-; ::).■■:■., Tbv siimoJafi i». in lie first instance. 
!...'.-iT<;»j>^ : V > .;.^ :»;':. ir o: t:* eavir«nnient, Boch a& light, heat 
»"!:».::■!;•:;_» :•: i.:e:':at"-.!:-h" i:;.pafT. li may appear tti originate in 
i'>< >iv:-:.'. vin\'.> ?^>:rii. :;m";:. i'Ci this is probablT seeondarr. 
'i h*!- ;: t -,:'■:■.: .■: ..':>ir:.".iiir sK-iwi energr in those parte <rf 
il-i' .-r^-..:>-.. »:.■;■:. hT: ^i.^iiiYi lo ibat parliciilar stimalus. 
;v. ».v,i«:..:: ::■! s:,rj: v.s,} v.hi ibr stiiDulas of heat may 
:.a\-! lb; if;,: .: '.> ::;<;r.r ihir s-tTid euei^ in a charge <rf 
^.;v,v»,;;:. .:; "..\-:v.^ v.. ."■>:■ .lie ba&. indeed, actoallj been 
.it"-,-. .Nv. ;.> !\-. -^v-,. ".:. "ii,v.h cAses potential energy is 
.■.*v.»i;iA', :v,,^ v.::::., iv-.Tcy. ^-sa iLc- effi<et vbieh is produced 
•.-.-.jix Iv ,s;i .'* :,'.'. -. :v:;.,- ;. ;:.«■ &:iiiiuntof energy represented 

\:: \\\f h-.fiVx: Siv..\\::\>.i:.^::.v.c i^tiiuQlas received from the 
<'\ii'.ii;»' i :-.\ ■.■.•.■•.•.;-.',-, ■.:i, wh.iKvt r it? uainre may be, acts 
l'imi;t:-,'.\ i;\v'.; >, iv.: s:v.;.-i'. N:,~t or;:.iii or receptor, whence it 
i» ii;t!;Muilti\i aUv-.i: \.:i.':.'.\- siv.-i'irfi tracts of tissae, the 
ii.n<>. I.- ^^>!^l<• jv.r: .■* iV., i>i:i:r:r. r.ciTous system, where it 
iiMLiIh i;i\i> iiM- i,> «hs; wt oi'.'. ;» stnsahon. The central 
iu>ivoi)> ^>^u■^».;^J;;l ■■!•., ;•,,■! on".\ :;.•»> ;l:r ix'wer of receiving stimnli 
Ilnoiiiili !»rtrr\'m ov M-usi^ry lit rvts. lilt als^^ of sending stimali 
tlii'«ii^l) I'rtVicnt ittTVt's to llio Viuioiis or<:ai)s of the body, 
wlii<ri<liy iKcir tmu-tioiis .tiv i-oiilr<<lliHl :uiil rt-^ulated. The con- 
ti'iiftiiin of iniiM-tt's iitii) the siX.Ti-ti><ii of );Ihiii]s are all con- 
Irollt'd ill this nitiiiDoi'. iin>l the t'litiiv n-i>rkiii<; of the body is 
i-ti-ort)iimtt-i) I'V till" lU'lion of the iutvoiis systi'iu. 

Ill till' Aiiui'tiH, liowt'YtT. we see im trace of n o])ecial nervous 
ttvsifiii, iioi' of i4oiist> iir(:ans. but nevertheless the organism is 
ctTtiiiiily cnpalilv of roci'iviug and respotulitig to stimuli ; in 
other words it is irritulilL>. Thus the prot(ii>lat<mic lH>dy responds 
by contraction to the stimuli of mechanical impact, beat, light, 
electricity and chemical reagents, and, as we hiive already seen, 
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the presence ot particles which are good for food causes the pro- 
trusion of paeudopodia in a definite and purposive manner. 
Probably the whole of at least the ectoplasm is to some extent 
Bensitive to stimuli of certain kinds, and it is also prohable that 
stimuli may be conducted from one part of the body to another 
without the existence of special nervous tracts. 

One of the most difficult problems in connection with the 
physiology of Amceba — ^and indeed of any hving organism — is 
that of automatism. Does an Amueba do anything really auto- 
matically or spontaneously, or are all its actions the result, 
direct or indirect, of the application of external stimuli to the 
explosive molecules of living matter ? Is the organism merely a 
machine run by the environment, or is it something more ? Here, 
of course, at the very beginning of our investigations, we are face 
to face with the old question, already referred to, of the existence 
of an animating principle or " soul," which exercises some sort of 
control over the physical and chemical processes upon which the life 
of the organism depends. This is a question which perhaps falls 
within the province of the philosopher rather than that of the 
biologist. The theory of vitalism, by postulating the existence 
of some such special vital force in all living things, undoubtedly 
enables us to avoid many difficulties, but it is doubtful if it really 
explains anything. As a matter of fact the more we study living 
organisms by actual observation and experiment, the more 
fully are we able to interpret their behaviour in terms of 
chemistry and physics, but this is a very different thing from 
saying that chemistry and physics will ultimately yield a 
complete explanation of vital phenomena. 

It is quite possible, for example, that the movements of the 
Amoeba may all ultimately be interpreted in such terms, for 
Butschli has shown that they can be closely imitated by minute 
artificially prepared drops of oil-foam surrounded by water. The 
substance of which these droplets are composed is of course 
totally different chemically from prot4>plasm and is in no sense 
alive, hut it seems highly probable, if not certain, that since 
purely physical processes (amongst which surface tension seems 
to play an important part) are capable of producing strikingly 
amoeboid movements in the oil-foam, they may also be largely, 
if not solely, responsible for the similar phenomena of movement 
in the living protoplasm of the Amceba itself, which seems closely 
to resemble an oil-foam in its physical properties. 

2 
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Like other organisms, the Amoeba sometimes imtlergoes a period 
of rest, during which its various activities are more or less com- 
pletely suspended. Under these circumstances the pseudopodia 
are withdrawn, the bod; is rounded off and a protective envelope 
or cyst is secreted by the protoplasm. This, however, is only a 
temporary state, perhaps necessitated by unfavourable conditions 
of the environment, and sooner or later the organism emerges 
from its retirement and resumes its activity. 

If in Ihe course of its wanderings the Amceba meets with an 
abundant supply of food and takes in more than is actually 
required to make good the waste of protoplasm ; if, in other 
words, anabolism preponderates over katabolism, the organism 
may increase in size by growth, by the addition of new particles 
of protoplasm in excess of those which are used up. These new 
particles are deposited, not on the surface, hut throughout the 
whole mass of protoplasm, between those which are already 
formed. Thus growth takes place, not by accretion, as in a 
crystal or a snowball, but by intussusception, and we have here 
a characteristic though by no means absolute distinction between 
the growth of not-living and that of living matter. 

As in all organisms, however, there is a limit to the size which 
the body may attain, and this limit varies with different species 
of Amixba. It depends primarily, no doubt, upon the necessary 
relation between surface and volume. As we have seen, aH 
interchange between the organism and its environment has to be 
maintained through the surface, and a given area of surface 
cannot supply the wants of more than a certain volume .of 
protoplasm. As the animal grows the volume must necessarily 
increase in a much higher ratio than the surface, and the pro- 
portion between the two is rapidly altered. This is probably 
not the whole explanation of the limitation of growth in an 
Amwba, the problem being doubtless complicated by other factors, 
but we may take it as (juite certain that increase beyoad a certain 
size, if {mssible, would inevitably result in death. Such a 
calamity is avoided by the simple expedient of dividing into two 
parts whenever the limit of safety is reached. The nucleaa 
divides hrst and the two halves move away from one another, 
then the protoplasm constricts into a bridge between the two 
nuclei, the bridge narrows and finally ruptures, and instead of 
one Amteba there are now two, each exactly resembling the 
parent (Fig. 2, A'.). 
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This simple fission of a single protoplasmic unit, or cell, forms, 
as we shall see later on, the essential feature of ordinary repro- 
duction throughout the anim&l and vegetable kingdoms. It will 
be observed tliat in this process generation succeeds generation 
without the intervention of anything which we can speak of as 
death. There is indeed no room for death in the history of 
these simple organisms, unleas it lie death by accident, for every 
time fission takes place the entire body is used up, and nothing ia 
left over to die. Nor is there any distinction to be drawn between 
parent and ofTspiing, for the two new individuals are in all 
respects similar to one another, and neither can be said to precede 
the other in point of time. 

We have now become sufficiently well acquainted with the 
nature of protoplaHiu to profit by a more detailed examination of 
its physical and chemicul properties. We have seen that, as it 
occurs in the body of an Aminba, it is a viscid, more or less 
liquid, colourlf SH substance, almost transparent but exhibiting, 
under moderately high powers of the microscope, a granular 
appearance due to the presence of numerous minute and more or 
less opaque particles. These particles may be regarded as 
impurities, and indeed protoplasm can never be obtained in a 
perfectly pure state, for it is constantly undergoing chemical 
change, both constructive and destructive, and the impurities 
owe their origin partly to the. food materials which are taken io 
and partly to katabolic processes which give rise ultimately to 
waste products. 

Even apart from these impurities, however, the protoplasm 
itself never exhibits a perfectly uniform structure. It is by no 
means homogeneous but shows a more or less distinct differentia- 
tion into different portions, as, for example, into nucleoplasm and 
cytoplasm, ectoplasm and eiidoplasni, and so forth. In other 
words it is an organized substance. Moreover, it has a character- 
istic minute structure or texture which can to some extent be 
recognized under high powers of the microscope and concerning 
the interpretation of which different observers are as yet by no 
means all agreed. According to Professor liutschli it is a kind 
of microscopic foam, consisting of exceedingly minute drops of 
a more liquid substance separated by very thin layers of denser 
material, and thus resembling physically such a foam as can 
be prepared from a mixture of oil, suits of various kinds, and 



Digitized byGoOgle 



22 OUTLINES OF EVOLUTIONARY BIOLOGY 

water. If tbie really be a correct account of the minute stmctore 
of living protoplasm it helpx us, as we bave already seeo, to 
explain its characteristic movements in terms of well known 
physical phenomeDft. 

Other competent observers, however, maintain that the appear- 
ance of foam-structure is a delusion and that what Biitscbli 
interprets as thin ebeets separating the droplets from one another 
are in reality very delicate fibres arranged in a network. These 
lilirillie are supposed to be contractile and thus to be responsible 
for the movements of the protoplasm as a whole. But whence 
comes the contraction of the fibrillee ? 

Various considerations, again, and especially the phenomena 
of heredity, oblige us to postulate for protoplasm an even more 
niiiuite fundamental structure than the microscope is capable of 
revealing to us. It is, in all probability, made up of ultra- 
niicroscopic material units, each composed of a group of inoleculeB, 
which units, or " biopliors," must themselves be regarded as liTing 
bodies ciipiibln of nourishing themselves, growing and multiplying 
by division. 

It is diflicult to form a salisfactory idea of the chemical com- 
position of protoplasm because it is impossible to analyze it in the 
living condition ; indeed, in the living condition it is conBtantly 
undergoing chemical chan;;e, iind the moment it dies it ceases to 
l)e protopliiRin. It is certain, however, that it is not a definite 
cheniiciil compound, but a mixture of several distinct sab- 
stances: proteiils, ininernl salts and water. Moreover, different 
samples of protoplasm, taken from different organisms or from 
difTerent parts of the same organism, may differ widely from one 
anotber in chemical eoniposition. Thus the difference between 
niicleopliism and cyUiplasm is largely a chemical one, depending 
t<) simie extent upon the relatively large amount of phosphorus 
present in the former. 

By far the most characteristic and important of the chemical 
ctnistituents of protoplasm are, of course, the proteids. These 
form a remarkable class of substances which do not occur in 
nature except in the bodies of plants and animals. They are 
definite chemical compounds containing the elements carbon, 
hydrogen, oxygen, nitrogen, sulphur and frequently phosphorus, 
and they have an extremely complex and unstable constitution, 
readily splitting up on oxidation into simpler and more stable 
compounds and ibereby liberating kinetic energy. Many 
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different kinds of proteids are known to ub and Iiave received 
special namea ; such are the albumen which occurs in the white 
of an egg, the caaein which is met with in cheese, the legumin 
which iB characteristic of peas and beana, the gliadin and 
glutinin of flour, and so forth. 

Tlieae proteids are, for the most part at any rate, colloid 
substances, that is to say they are more or less gelatinous &ad 
incapable of diffusing through organic membranes. This may 
be accounted for if we asaume that the highly complex molecules 
of which they are composed are too large to pass through the 
very minute pores which occur in such membranes and which 
readily allow of the passage of the molecules of simpler, 
crystalloid aubatances. The colloid nature of the proteid con- 
stituents of protoplasm plays a very important part in determining 
its properties and behaviour. Cryatulbid mineral salts and other 
diSusible substances in a state of solution can pass through a 
cell-wall or membrane hy osmosis, and thua the living proto- 
plasm receives freah aupplies of nutriment, but the colloid 
proteids are aa a rule formed inside the cell and cannot usually 
pass out again until they have undergone some chemical change 
whereby they are rendered diffusible. 

The mineral sails which we find in the protoplasm, usually in 
a state of solution, are of very various kinds, compounds of 
sodium, potassium, calcium and other elements with various 
inorganic and organic acids, such as sulphuric, hydrochloric, 
malic and citric acids. 

Finally, water must always be present in living protoplasm and 
usually forms a very large perceutage of the whole mass. 

Whatever view we may take with regard to the question of 
vitalism, there can l)e no doubt that the most distinctive property 
of living protoplasm is its power of controlling chemical and 
physical processes so as to make them yield results different from 
those which would be obtained if we were dealing with not-living 
matter. The various processes upon which depend the functions 
of movement, nutrition, respiration and excretion all appear to be 
controlled in this manner, hut the general principle is perhapa 
moat beautifully illustrated in the case of many of the lower 
animala and plants, in which the protoplasm secretes a protective 
or aupporting skeleton of some mineral substance, auch as silica, 
or carbonate of lime. Silica, for example, in the inorganic world, 
occurs abundantly in a state of solution in water, from which it 
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Mauy simple unicellular orgftnisms, such tie the Radiolaria 
(Fig. 3) amongst animala, and the diatoms amongst plants, have 
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tha power ol taking up dissolved silica from the wnter in which 
they hve and usiuK it (or building skeletons. These ekeleloriB. 
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however, wliieh are really composed of opal, do not consist either 
of BhapelesB masBes or of geometrical crystals, but assume beaati- 
fully symmetrical forms which vary with each particular kind ol 
organism and which are wholly different from any forms occurring; 
in t)ie inorganic world. The same is true of those somewhat 
more highly organized members of the animal kingdoui, the 
siUceous s[H>nges, whose skeletons consist of spicules of opal 
(Fig. 88), often of most beautiful and characteristic shape, and each 
one as a rule formed by the activity of the living protoplasm 
within the compass of a single cell. 

Whilst many unicellular organisms and many sponges thus 
manufacture for themselves skeletons of a siliceous character, 
others, living perhaps in the same water, secrete skeletons which 
are componed of carbonate of lime. Such, for example, are the 
Foraminifera, ihe dead calcareous shells of which (Fig. 4) 
accumulate lo-day at the bottom of the deep sea in many places 
in the form of ooze, while in the Cretaceous period of the earth's 
history thej^ played the principal part iu building up the chalk 
cliffs on the south coast of England. Each of these luicroBCopic 
shells, which are often of extreme beauty and frequently 
ornamented with elaborate patterns, is formed as a protecti^'e 
envelope by a simple protoplasmic organism closely resembling 
an Ania'ba. 

It is evident, then, that we must attribute to living proto- 
plasm a very remarkable iH)wer of selection or choice, for it is 
able, as it were, to pick out certain materials from its environ- 
ment for its own pur{)OHes and to reject others. We have already 
seen this in the case of the selection of food materials hy the 
Amcelxi ; we see it again iu the selection of the materials for 
skeleton fornialion in other simple organisms. The fact that 
one organism will select silica while another selects carbonate of 
lime from the same sample of sea water and for the.same purpose, 
must correspond to some deep-seated difference in the proiuplasm 
of which they are composed, and illustrates very well the diverse 
potentiahtiee of this remarkable substance. 
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CHAPTER III 
IlmmatucDccuB— The differen(«s between auimalH and plants. 

In striking contruet to Amccbn, which, though primitive, 
13 noverthelesH a very typical example oE ao aDimal organism, 
BtandH Htematococcus or Sphierella, which, by botanists at any 
rate, is regarded as a very simply organized meml^r of the 
vegetable kingdom. Like AmcBba, this organism is of microscopic 
size, consisting of only a sin};le cell or protoplasmic unit. 

Iltematocwcng jiliiviaUit (also known as Sjihienita latustiiK) 
occurs in temporary pools of stagnant rain-water or, in the rest- 
ing condition, in dried-up mud or dust. Though individually 
invisible, or barely visible, to the naked eye, it may occur in such 
dense associations as to give the water a bright red (or some- 
times green) colour and form a red crust on the sides of the 
vessel in which it is cultivated. A closely related, if not identical, 
species {Iliematococcug virali») is the cause of the red patches 
which are sometimes observed on the snow-fields in Arctic 
regions. Cultivation is easy, and the same stock may be kept 
going for many years arid multiplied indefinitely. Twenty 
years ago or more I had a sample given to me in Australia, 
descendants of which are now flourishing in full vigour in 
England. It can be dried up when not required and when 
wanted again in the active condition needs only to be supplied 
with fresh rain-water and placed in the sun. 

In the resting condition each individual consists of a spherical 
protoplasmic body (Fig. 5, A) of a bright red w green colour, or 
sometimes partly green and partly red, with a more or less 
centrally placed nucleus (nif.). It differs from an Ama<ba in the 
presence of a very distinct, firm cell-wall {c.w.) on the outside, as 
well as in its definite shape and characteristic colour. The cell- 
wall is composed of cellulose, one of a group of chemical com- 
pounds known as carbohydrates. These compounds are all 
characterized by the fact that they contain only three elements, 
carbon, hydrogen and oxygen, the hydrogen and oxygen occurring 
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in the same proportions as in water (H3O). Thus the chemical 
formula for cellulose is (CbHioOs)^ while that for glucose or grape 
HQgar, another carbohydrate, is C«HijO«. The presence of very 
(lelinite cell-walls, composed of cellulose and formed as a secretion 
by the living protoplasm, is very characteristic of vegetable as 
(»)iitrastexl witli animal organiHins. 

The prutoplaBiri wliich lies inside the cell-wall is, as we have 
alroaily naid, either r^d, green or parti-coloured. Tlie };reen 
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colour iH ituii lo tlui presence of that extremely characteriatic 
voKetabte pignmnt known as chlorophyll, a remarkable pro- 
<luct (if Iho activity of iho liviuf; protoplasm with which we are 
all familiar in the case of ordinary green plants. The red 
pi;;nn'nt, known us hainalochronie, is but a nlighl chemical 
moil ilicat ion of tlio green chlorophyll, and the one may readily 
he converlod into the other. If some nitrogenous substance, 
Hticli as a small ijuantity of manure water, ho placed in a 
vessel containing red M ii'matococcus, the latter will in a short 
time assume a bright green colour, whence we may conclude that 
the rod colouration is probably an elTect of nitrogen starvatiou. 
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When a dried-up sample oE Htematococcue is supplied with 
fresh rain-wAter and placed ib the sunlight it undergoes a 
remarkable change. The protoplasmic body within the cell-wall 
undergoes division, first into two and then into four parts 
(Fig. 5, B). This is effected by a process of simple fission exactly 
comparable to that which we have already described in the case 
of Amteba. The four parts or daughter cells (sometimes called 
zoospores) are for a short time kept together within the old cell- 
wall, but presently this ruptures and they escape into the 
surrounding water. 

It will now be seen that these so-called zoospores differ greatly 
in structure from the resting Hmmatococcus. Instead of being 
spherical they are more or less oval or pear-shaped in outline 
(Fig. 5, G). Each has secreted a new cellulose wall of its own 
(oc), but this is separated from the main protoplasmic body by 
a considerable space, or vacuole, filled with water (ra«.), across 
which stretch delicate threads of colourless protoplasm, which 
keep the protoplasmic body in position. The main mass of 
protoplasm is coloured red or green, as before, and contains the 
nucleus {nu.). At one end it is drawn out into a kind of beak, 
from which two very long and slender threads of colourless 
protoplasm {fl.) pass outwards, through minute apertures in the 
cellulose wall, into the surrounding water. Owing to their 
whip-like form and characteristic lashing movements, these are 
termed flagella. 

It is by the very rapid movements of the ttagella that the 
locomotion of the active Hfemntococcus is effected. They are 
Cttrried in front, and the body of the organism is pulled through 
the water by their action much as a boat is pulled by a pair of 
sculls, at a rate which, though very slow when judged by our 
own standards, appears very rapid when considered in relation to 
the minute size of the organism. The movements of the tlagella 
are somewhat complex and of an undulatury kind. They appear 
to be entirely automatic, but it seems probable that they must 
1)6 performed in response to stimuli which we are unable to 
recognize. The Hagella are much more definite and highly 
specialized structures than the pseudopodia of an Amoeba. Like 
the latter, however, they owe their value as organs of locomo- 
tion to that inherent power of contraction which is one of the 
most characteristic features of living protoplasm. It is probable 
that each really consists of several very slender filaments, lying 
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side by side, and that the complex uadulatory movements are 
due to alternating contractions and relaxations of these. 

The presence of a firm cell-wall makes the proti-usion of 
paeudopodia in the case of Hiematococeus quite impossible, and 
at the same time prevents the organism from taking in any 
solid food, for there is no aperture through which such food 
could pass. It must therefore depend entirely for its food sopply 
upon substances which are able to pass through the cell-wall 
in a state of solution. These substances are all very simple 
chemical compounds, consisting of certain mineral salts and 
carbon dioside gas, which, amongst them, contain all the elements 
necessary for the formation of protoplasm. They are, however, 
very stable bodies, with little or no affinity for oxygen gas and 
little potential energy. They cannot, therefore, by themselves 
supply the energy which the organism requires for its vital 
activities. Energy has to be supplied from the environment 
and the simple food materials thereby partially deoxidised and 
combined together in more complex and less stable molecales 
containing stores of potential energy which can be liberated by 
oxidation as required. 

The energy which Hiematococeus uses for the building ap of 
its complex molecules is, as we have already observed for green 
plants in general, the radiant energy of the sun, in the form of 
light. The process is known as photosynthesis, and can only 
tiikii place in organisms which possess chlorophyll or some 
functionally equivalent pigment, such as hnematochrome. In 
some way or other the pigment absorbs the energy of the light 
niys and renders it available for the process of constructive 
metabolism (which in plants is also spoken of as assimilation). 

The first step in this complex [process involves a chemical 
decomposition, carbon dioxide, obtained in solution from the 
surrounding water, being decomposed with evolution of free 
oxygen gas. 

We have already seen that in the coiubuHtion of charcoal 
the reverse ot this takes place, carbtHi and oxygen combining 
to form carbon dioxide afid the set of combination being accom- 
panied by the liberation of energy. It is obvious that if energy is 
liberated in the one process a corresponding amount must be 
absorlted in the other. 

When a glass jar of water containing HtBmatococeus, or any 
green miuatic plant, is placed in bright sunlight the decomposition 



Digitized byGoOgle 



PHOTOSYNTHESIS 31 

of carbon dioxide in the plant takes place so rapidly that 
minute bublileu of osygen ma; often be Been rising to the surface 
of the water. If, for example, we cut off a leafy branch of the 
common Canadian water weed, known as Eludea canadetisig, and 
fix it under water in such a jar, it is possible to arrange the 
experiment so that a regular stream of small oxygen bubbles will 
l>e given off from the cut end, and it is further possible to adjust 
the experiment so delicately that the interposition of a dark 
screen between the jar and the sunlight will cause the immediate 
cessation of the stream of hubbies, which will start again the 
instant the screen is removed. This simple and beautiful 
experiment clearly demonstrates the dependence of the process 
of deconii>osition of carbon dioxide upon the presence of 
sunlight. 

The oxygen liberated in this way is not (with the exception of 
a relatively small quantity used in respiration) required by the 
organism, and is accordingly at once discharged into the sur- 
rounding medium. Thecarbon,oD the other hand, is needed for 
the manufacture of new protoplasm. It is never actually set free 
as carbon, but its molecules are probably recombined — under the 
influence of the sunlight — with the molecules of water to form the 
carbohydrate known as glucose or grape sugar. This process 
may be represented by the equation — 

6 UOa + 6 HaO = 6 0, + CoHuOj 

(Carbon Dioxide) (Water) (Oxygen) (Glucose). 

It is prolmble that a simpler compound, possibly formaldehyde 
(CH3O), is formed as an intermediate product, while, on the other 
hand, the glucose appears to be rapidly converted into starch, 
which is the first visible product of the process of photosynthesis 
in the plant cell. 

Starch, like glucose and cellulose, is a carbohydrate, and, 
though differing in many of its chemical and physical properties, 
has the same general fornmla as the latter (C6HioOt)„. This 
means simply that the elements carbon, hydrogen and oxygen 
are present in the same proportions as in cellulose, but they must 
be linked together differently in the molecule. 

The first step in the actual construction of the proteid molecule 
is then the combination of carbon with the elements hydrogen 
and oxygen to form a carbohydrate. In the higher plants starch 
first appears in the chlorophyll-containing cells of the leaves in 



Digitized byGoOgle 



82 OUTLINES OF EVOLUTIONARY BIOLOGY 

the form of starch grains, which may afterwards be converted 
into sugar again and then, in solution, transferred to other parts 
of the plant, where it is redeposited and stored np, once more in the 
form of Htarch grains, for future use, as in the potato and in starch- 
containing seeds such as peas and beans. 

Both starch and chlorophyll are, at any rate osoally, formed is 
the cell in connection with specialized portions of the pixitoplaem 
known as plastids. These are regarded as living bodies which 
are specially concerned in the formation of chlorophyll, starch and 
other substances. When they contain chlorophyll they are termed 
chloro plastids, and in the higher plants they take the form of 
numerous minute "chlorophyll corpuscles" of definite shape, 
which occur in abundance in the cells of all green parts, and in 
connection with which the starch grains are formed (ride Fig. 26). 
In Hivniatococcus practically the whole central mass of cytoplasm 
is coloured liy the chlorophyll (or heematochrome) and may 
[lerliaps l>e regarded an a single large chloroplastid. The starch, 
however, is collected around small, specialized, proteid bodies 
iiiilHidded in the general mass of cytoplasm. These are known 
as pyninoids (Fig. S, C, pi/,). 

W« have thus seen how the green plant obtains the carbon, 
hydrogen and oxygen which it requires for the manufacture of 
pMilnplaHin. Ollior eluuients, however, have to be combined with 
Ihii inoli<iiul(iK of carlNihydrate before proteids can be formed. These 
aro iiitrogoit, Hiilpbur and, Hometiuies at any rate, phosphorus, all 
of which am nbtiiinod by green plants by the decomposition of 
niiiioni! hiiHh — nitrat<is, pliosphateB and sulphates — which exist in 
wjlulioii in tilt) wator or damp soil in which the plant grows. In 
thii higher ])laiitH tliiiHn Hubstances are taken up by the root-hairs 
anil It'iiimiiiiltiid lo the leaves by a sj'stent of vessels and tracheids 
atNilo(;iiiiH In tlio ('irciilati)ry Kysteni of animals. In such a plant 
iLH Elii'tiiaUii^oc-iuiH thiiy simply difFiiso into the protoplasmic body 
rroiii tbii Hiirrotinding water by the process of osmosis. Exactly 
wlial, ljii]ijM{iiH vihim thry meet with the carlKihydrates we do not 
know, but fiirliiiir chemical combhiations must take place 
undor Ibii inlbtiincn of Kunligbt, which finally result in the 
forrniilioD of now proteid luolecules which are added to tber 
alroiidy cxiHliiig iinito|ilaHm. 

IteKpiration in lla-niatococcus probably takes place exactly 
as in Anio-ba, but it is more easily studied in the case of the 
higher plants. In dayliglit the x)roceBS is greatly obscured by 
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the tiliBorption of carbon dioxide and the evolution of oxygen gas 
which Accompany photosynthesis. In darkness, however, the 
gaseous interchange which forms the essential feature of respira- 
tion can readily he detected, carbon dioxide, produced by oxidation 
of the protoplasm, being given off and oxygen taken in. 

No special organ of excretion has been observed in Htemato- 
coccus, though a contractile vacuole occurs in closely allied forms, 
and waste products must simply diffuse into the surrounding 
water through the permeable cell-wall. 

We have already seen that Hiematococcus multiplies itself by 
simple fission within the old cell-wall. This process usually 
results immediately in the production ef four new individuals. 
Under favourable circumstances it may lie repeated very rapidly, 
without the organism going through any true resting stage, so 
that in a short space of time the number of active zoospores 
may he very largely increased. The individuals thus produced 
are usually all of the same form, and ultimately of the same size, 
as the parent. Occasionally, however, a somewhat dilTerent 
process of multiplication takes place. Instead of dividing into 
four relatively large zoospores a resting individual may divide into 
thirty-two or sixty-four much smaller "microzooids" (Fig. 5, D), 
which differ from the ordinary active form in the absence of the 
characteristic cell-wall with its underlying vacuole. 

The microzooids (Fig, 5, E) swim actively about by means of 
their flagella. Sooner or later, however, tbey come together in 
pairs (Fig. 5, F, G), and the members of each pair fuse completely 
with one another to form a single individual (Fig. 5, H) with 
four Hagella, which presently loses its fiagetla, secretes around 
itself a thick cell-wall, and enters upon the resting state 
(Fig. 5, J, K). From this resting individual new generations will 
lie produced by the ordinary method of division into zoospores, 

We have here an excellent illustration of what is usually 
termed sexual reproduction, the essential feature of which is the 
union or conjugation of two sexual cells or gametes (in ibis case 
the microzooids) to form a single cell, the /.ygote, which is the 
starting point of a fresh series of cell generations. This important 
process will be discussed more fully in a subsequent chapter. 

We have spoken of Amutlwi as an animal, and, as we have neeii, 
many people regard Hiematococcus as a plant. We luust next 
endeavour to find out what it is that really differetttiates u plant 
from an animal. Of course amongst the more highly organized 
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membere of the animal and vegetable kingdoms we eaa point to 
many obvious distinctions. The higher plants are fixed &nd 
stationary, while the animaU move about from place to place by 
means of special organs of locomotion. The animals have 
complex digestive, respiratory, excretory, nervoos and sensory 
organs, which are wanting in the plants. Lastly, the animals 
have no chlorophyll and cannot therefore, like the green plants, 
obtain their supplies of energy directly from the Bun'e rays by 
photosynthesis, but must depend upon the potential energy con< 
tained in the compteit molecules of their food, which they obtain 
ready made from the bodies of other organisms. 

Amongst the tower organisms, however, we find that most of 
these distinctions disappear. Thus many ol the lower plants 
move aliout actively while many of the lower animals, such is 
the sponges, hydroids and corals, are fixed and stationary in the 
adult condition, though still showing their animal nature in other 
respects, such as their method of nutrition. This mixture <A 
what were once regarded as distinctively animal and vegetable 
characters in such forms as the corals and hydroids gave rise (o 
the name "zoophytes," or animal-plants, by which these organisms 
were known to the oldei- naturalists. 

When we descend to forms still lower in the scale of organiza- 
tion, consisting each of a single cell, we find that every dis- 
tinction may disappear except that of the presence or absence <A 
chlorophyll and the mode of nutrition immediately dependent 
thereon : — plant-like or holophytic as in Hiematococcus, animal- 
like or holozoic as in Am<eba.' 

It cannot be maintained, however, that even these characters 
form an absolute distinction between plants and animals, for, in 
the first 2>laco, many undoubted plants, such as the Fungi, have 
lost their chloropliyll by degeneration, and, in the second place, 
white botanists daim Hii'matococcus and the forms closely related 
to it as plants, zoologists claim them as animals, chiefly because 
they are so closely related in structure to other unicellular 
fliLgellates which contain no chloropliyll that we cannot refuse to 
include them in the sumo group, 

> 'i'hi' imlriliiin of niiy I.Tpical gri'Cii plaiii i* li<>l<>|ilij'tic, lliat of any typical 
niiimnl Iiii1<i»iii\ The IiiIIit lunn itii|>lii.'ii l)ii< lakiii^ in <•( M>Iiit fi-oil ilcrivul from 
tlic InkIJcs iif iillicr iirKniilKiiis, niiil in iIiuh ili«tiiitnii<')i(.''l (roni lliv Ka[in>|>hytlc type 
lit nntritiiiii met witli id mniiy of (liu li>w('r aiiiiUBU nnil pliiiits (r.^. Fungi), which 
conHKls ill tilt: nbsor|itiuii ut ll<|Uiil fiiod lUrriTeil tnim ilii' decaying budics of oUiei 
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The e)>pi)in(itioii of the difficulty really lies in the fact that 
both plants uad animals originally sprang from common unicel- 
lular HDcustoro which were neither the one thing nor the other. 
The first tippearance of chlorophyll initiated the great cleavage 
between the aniimtl and vegetable kingdoms. Thenceforward 
the two great groups developed each along lines of its own. By 
virtue of their chlorophyll the green plants became the great 
jiroteid manufacturers of the world, and the animals became 
de))endent upon them for their food supply. Animals are largely 
deijcndent upon green plants in another respect also, for the 
latter, as we have seen, split up the carbon dioxide, formed as a 
waste product in the respiration of both groups, and thus set free 
fresh Hupi}lieB of the necessary oxygen. 

Closely correlated with the ditlerences in their mode of nutri- 
tion are the great differences in the mode of life of the higher 
plants and animals. Plants have no need to move from place to 
place in search of food, which they obtain from the air and the 
soil, and the supplies of which are constantly renewed by wind 
and niiu. Highly organized animals, on the other band, would 
soon exhaust their supplies if they remained always in the same 
place, and it is doubtless the necessity for actively seeking out 
and even contending one with another for fresh supplies that 
has brought about the wonderful elaboration and perfection of 
their organization, while the fact that in bo many cases they 
devour one another, instead of remaining directly dependent upon 
vegetable organisms, must have greatly intensilied the struggle 
for existence and correspondingly increased the rate of progress 
in their evolution. 
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CHAPTER IV 

The cell tboorj-— UDicollular orgaDiBins— DiffenntJatiim and diviHon 
labour — Cu-oporatiun — The t^aaition from the unioellul&r to t 
multicellular condition — The ear tf development of multicellul&r animi 

and pluutH. 

We have neen that, although Hfematococeus and Amoeba diS 
widely from one another in various respects, they nevertbele 
exliiliit It fimdniiienttLl agreement in structure, for each consis 
eHHontiiilly of ii single nucleated mass of protoplaam, each is 
Hiiiglo cell. 

'I'hd liistf)ry of the term cell is a curious one, and affords 
(((lod ilhiKtriLtioii of tlie manner in which our scientific conceptioi 




K[ci. 11. Tliiii S,.,liori of ii UnttU' Cork, shnwinR cellular Structure, X V, 
(Krom u ]iliot<.Br:i]ih.) 

grikdiiiilly Ihx^iiuk^ iiiodiliod mid improved as our knowledf 
iiicri'iisi's. Nolhing whh known of cells iHjfurc the inventiou i 
the iiiii-roK<vj|i(', lull in the liiltor hiilf of the seventeenth cental 
thtK iiiviiiitiiiii ii|H^nt'il ii|> an entirely new field nf reHeiircli, au 

fiiiililcd the I'lirlitT inicriiHcopistH to liiy the fouiidillions of tl; 
niixlerii Ki'irm-c nf hiolii^y. To Uulferl Hooke hiis lieun iissigned th 
crtHlil iif lirsl ohscrviii^ the celluliir Ktriictiire of vegetiihle tissue 
utiil Jiii^ oli>^«'rvali<uis, [HihliHlied in l(i<>5, were mun iiftervrarc 
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confirmed hy Nehemiah Grev, who published his great work on 
the Anatomy of Plants in 1672. 

It is now ft matter of common knowledge that many vegetable 
tisHueH, KUch as cork and pith, when seen in section under the 
microscope, exhibit a honeycomb-like appearance, being composed 




FlO. T.— Pitrt uf a crosa Section of a Maize Root, shuwing cellula 
Structure, X 84. (From a photogroiih.) 



of rectangular or polygonal, or jt may be spherical chamlters 
separated fn}m one other by firm walls. This structure is very 
well shown in Fig. 6, which represents part of it thin section of an 
ordinary bottle cork, and in Fig. 7, which represents part of a 
transverse section of a root of maize. It was the resemblance to 
a honeycomb that led to the application of the term cell to 
these eliambera. The earlier observers naturally attached most 
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importance to the cell-walle, which indeed are alone visible in 
dead tissues such as dr^' cork and pith. 

It was not until 1846 that von Mohl first gnve the name 
protoplasm to the slimy contents of the cells in Ii\-ing tissues. 
It then gradually became evident that this protoplasm was the 
really vital constituent of the cell, and that it was identical in 
nature with the substance of which minute naked organisms 
such as the Amteba are composed, and which was already 
known by the name sarcode, given to it by Dujardin iu 
1885. 

The cell theory, first propounded in a very imperfect form by 
Schleiden and Schwann, about the year 1838, mpidly develojted. 
during the course of the nineteenth century, into one of the most 
fertile generalizations of natural science. At the jtreseiit day the 
term cell is extende<l to protoplasmic units which may have no 
cell-walls at all, and to which therefore it is etymologicany quite 
inapplicable, and for n long time a cell has been defined Himply 
as a single nucleated mass of protoplasm. 

Ill accordance with the cell theory such nucleated luasses of 
protoplasm are the organic units of which the bodies of all li\-ing 
things aro built up. The simpler organisms, such as AuklOhi 
and ]Iicinatricf)ccus. consist each of a single unit only, and are 
tlutntfore said to he unicellular, while the more complex forms. 
Ixitli (if aniiuals and plants, consist each of many such units united 
tofti'thiir iu a multicellular body. Moreover, we now know that cells 
udver originate rh- uovti but multiply by division, so that each one 
is till! immediate descendant of a pre-existing cell, a veiy 
iiii|ii)rtiint tact which was emphasized by Virchow in his often 
qiiottid phrase " Oninis cellula e cellula." 

The ZDoirigist indudes under the name Protozoa all those 
unici'llnlar organisms which he claims as members of the animal 
kingdiini, whilst the unicellular plants are relegated to the domain 
of thi^ liiitanisl under the name Protophvta, but, as we have 
nlri'ucly wx'.w, it is impossible to dmw a rational line of demarcation 
hi-twiifu Ibi'sc. two groujiH and they are often included together 
uinhir llatickcil's ivxm rn)tista. 

Tbr outstanding feature in nil these sinijilo forms of life is that 
the singlo cell is a complete and self-supportiuf,' organism. It 
has lo piirfurni all the necessary vital functions for itself, by means 
iif such simple orpuis, temporary or pcnnanent, as can be 
pniilucod by dilTerenliation within the microscopic limits of its 
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protoplasmic bod.y.^ It is surprising what a high degree of 
organization, as indicated by complexity of etructure, may be 
attained in eiieh a case. 

DifTerentiationanddivisionof lal>our are thereaultsof progressive 
evolution, and at the same time the means by which fui'ther 
progress is effected. Even in Amceba and Hasmatococeua we see 
clearly enough the operation of these two great principles. Many 
unicellular organisms, however, exhibit a far higher degree of 
organization. The Protozoon, Parama'ciiiui (Fig. 8), so common 
in infusions of decaying vegetable matter, swims actively about by 
means of innumerable short vibratile cilia which project all over 
the surface of the body. It has a definite mouth, through which 




n aiirrlM, X :100. (From MHixhall and Uurst'e 
" I*ractical Zoology.") 

AV, anterior mntr 

pLiuni; EP, mIcroiiadeUH: I 
N, nisKiinucleiiti ; OU. gtunvi 
(cotitnclcd) ; TR, di»cLarg«i uicuocyst tlireiulii; A, cilia. 

solid food tmrticles are taken in, and a less definite anal six)t at 
which ftecal matter is ejected. It has special weapons of offence or 
defence (trichocysts) which can shoot out from the surface of the 
body long threa<ls when the animal is irritated. It has two 
contractile vacuoles, each with a system of radiating canals 
discharging into it, and it has two nuclei, large and small 
{meganucleus and micronucleus), which ap|>ear to fulfil different 
functions and each of which doubtless has a complex structure of 
its own. How complex the structure of the nucleus may be we 
shall he l>etter able to judge when we come to B[)eak of Ihe 
phenomena of nuclear division in a subsequent chapter. 

' Tlie i>r|niii» int" whicli n nincte c-cll mn.y iK'iliffiTeriiiared nru »nnKtime»ii]iiikfii 
■>t nH orgHiK'llic, lull if wc ik-liiiv lui nr^im nii miy gmrl i>f nil oruiiDiHiii nhicli in 
ii|ir!t'iAlizi.tl for the (iilfilmeiil of koiik- pnrtii-ulnr fiiiirtion, il iH i|iiilv uiiiiccL'HwiTy ti> 
dlitliiiguiitli Die ormnH nf a sitiKlc ci.'1l liy n Hjiccinl u-rtn. 
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Paramoeciuin and many other Protozoa, again, have specialized 
contractile threads of protoplasm lying just beneath the Burface 
of the hody, comparable to the muscle fibres of higher animals, 
which enable them to |>erform movements of a different kind 
from those effected by Hagella or cilia. By means of such con- 
tractile fibres, localized mainly in a long stalk, the bell- 
animalcule, Vorticella (Fig. 9, m), can instantaneously draw in 
its ciliated disc and pull itself out of harm's way on the approach 
of danger. Other examples of these highly organized ciliate 
Protozoa (Infusoria) are shown in Fig. 9. These forms sliould 
be compi\red with the Itadiolaria and Foraminifera represented in 
Figs. 3 and 4. 

Another very important factor in the progress of organic 
evolution is supplied by the principle of co-operation between 
different organic units. This is illustrated to some extent in the 
process known as colony- for mat ion met with in certain 
Protozoa and Protopliyta. Carchesiuin, Epistylis and 2ootham- 
nium (Fig. '.), n-Tp), for example, are colony-forming Infusoria 
closely related to Vorticella. Vorticella itself multiplieB rapidly 
by simple longitudinal fission. Tlie bell-shaped protophLsmic 
Imdy at tlie end of the stalk divides into two parts, one of which 
sv.'inis away, attaches itself to some foreign object, and develops 
a new stalk. If, instead of separating, the two daughter cells 
remained together and went on dividing, and if this dinsion also 
extended each time to the upper part of the stalk, the nrgnnisiu 
would presently arrive at a branching, tree-like condition. This 
is what has happened in Carchesium, Epistylis and ZoothaiD- 
nium, and also hi various other Protozoa, 

This arborescent tyjie of colony- format ion, moreover, is bv 
no means the only one met with amongst the Protista. It is 
characteristic of stalked forms. Other forms, which are not 
stalked, may give rise to free-swimming or floating, solid or 
hollow aggregates of jilate-like or it may he spherical shape. 
The develojnnent of such colonies is perlmjis nowhere better 
seen tlian in the small gnmp of unicellular organisms to whicli 
Ha;matococcus belongs, the niemlwrs of which are known, on 
account of their plant-like character and their possession of 
tlagella, as Phytoflagellata. 

Ilicmatococcus, or the closely related Cblnmydomonas. may lie 
taken as the starting point of the si'ries. These two are always 
solitary, the individuals separathig ctunpletely from ime another 
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after each cell-division. In Pandorina (Fig. 10), however, which 
is another common freali-water organism, the individuals pro- 
duced by fission remain together and form a solid ball, composed 
of from sixteen to sixty-four cells, enclosed in a gelatinous 
envelope. These little colonies swim about actively by means of 
their flagella, which project from the surface in pairs, one pair 
belonging to each individual. Multiplication is uBually effected 
by the division of each individual cell into sixteen, so that as 
many daughter colonies are formed as there were cells in the 
parent colony, and these daughter colonies finally separate 
from one another. Eudorina 
(Fig. 40) forma slightly larger 
colonies of a similar kind, bat 
with the component individuaLi 
somewhat widely separated from 
one another by the gelatinooK 
matrix. Finally, in Volvoi 
(Fig. 11), one of the most 
familiar and beautiful of the 
microscopic fresh-water organ- 
isms, we find the individual 
cells, each one still closely 
resembling a H^niatoeoccus, 
arranged side hy side in the 
gelatinous wall of a hollow 
conjugation yp^gre, with their flagella pm- 
jecting from the surface, while 
daugliter colonies are frequently seen swiuiming about freely in 
the interior of the sphere. 

In all these colonies the gelatinous miitiix or ground substance 
is formed as a secretion by the cells which it serves to hold 
together. It is noteworthy that the connection l)etween the 
individual cells is much more intimate in Volvox than it is in the 
lower tyjies, for they are all united together by extenBions of 
their i)r<)toplasniic bodies which give a reticulate api)earance to 
the wall of the sphere. V<jIvox, moreover, attains a relatively 
large size, and tliere may be as many as 22,000 c«l]s in a singto 
colony, though altout half that numl>er appears to be more 
usual. 

We meet with another example of the fornmtion of hollow 
spheriail colonies in the case of the l>eanttful Itadiolariao, 




Fia. 10.— /'aH'/oriufl mnrum, X 400, 
{l''rora Vines' " Botany.") 
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Spbierozoum (Fig. 12), which flnats about in the eurffice waters of 
the open oceiin and has in each of its component cbUs a supporting 
skeleton of branched siliceous spicules. 

The co-operation ot a larger or smaller number of cells to form 
a colony at once opens up new possibilities with regard to 




Fio. U.— Voiiw 



(From Weiamann's " ETolution Theory," 
Klein and ^chenck.) 



matDre colnny conUinin); daugliler coloniea (() luid o' 
Kpcrmktoua toeii end on ; C, Uie •miDe seuii side 



differentiation and division of labour. If a sufficiently good 
understanding, so to speak, can be establislied Itetween the 
different nieiubers (or zooids) ot the col<jiiy it will no longer l)e 
necessary for each one to do everything for itself. At the ex])ense 
of l>ecoming mutually dependent upon one another they will 1>6 
able to specialize in different directions, some identifying them- 
solves with one necessary duty or function and some witli 
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another As a resiiU of this specialization the various fanctions 
ma\ Ije much more efBeientl> and economically performed, but a 
tio less iiu])ortant rebult will lie that the different indi\'iduala vill 
no longer lie able to lead independent lives — if se{>arated fmtu 
one anotlier the\ will periah l)ecaiise unable to perform for 
tbenibelves nidividuilly all the functions which are necessary- for 
their existence 

In colonies of I'rotibta ne meet with little if any of this 
differentititinn and division of labour; from the physiological 
IKunt of \iew the cell units remain almost if not quite inde- 
[K-iident of one another and that is why they are still classed 
amongst the unicellular organ- 
isms. There can lie no douU, 
however, that it was this habit 
of colony -formation that led to 
the origin of true multicellular 
animals and plants — ?tletazna 
and Metaphyta — from unicel- 
lular ancestors. The compo- 
nent cells of a colony gradually 
Iwciiiiie integrated to form an 
individual of a higher order, 
and this process was accom- 
]iaiiicd hy that di£Ferentiation 
and div-ision of lalnmr which 
in course of time led to the 
astonishing complexity of 
structure which characterizes 
the higher memlwrs of l)oth the iiniuiul iiud vegetable kingdoms. 
Ill eoiitnist Ui tliis coniplexity of the organism as a nhole we 
shall tind tliat the individual cells i>t one of the higher animaU 
or plants are usually much siiiiiiler in structure than the more 
highly organized I'mlistn. After what we have said alxjut 
dilTerentiiition and division of labimr the reason for this should 
l>e surticiently obvious. 

Perhaps no more convincing demonstration of the applicability 
of the cell theory to the higher plants and annuals could lie 
given than that which is afforded by the study of development, 
for, however highly organized a plantor an animal may be in the 
lulult condition, it always commences its individual existeuce as 
a single cell — the fertilized ovum or zygote — and attains the 
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aduU stinte by means of a longer or shorter series of cell-divisions. 
Tlie earlier eel I- divisions constitute what is termed the Megiuenta- 
tion of the ovum, and result in the formation of a number of 
daughter cells, which exhibit little or no differentiation amongst 
themselves and are known as blastomeres. Sooner or later, 
however, differentiation sets in and leads to the formation of 
more or less highly specialized tissues or cell aggregates. 

In the primitive, fish-like Amphioxus,' for example, the ovum 
(Fig. 13, I) is a spherical, nucleated cell about .jJtjth inch in 
diameter. After fertilization by a male gamete or spermatozoon 
it divides first into two eijual and similar embryonic cells or 
blastomeres (Fig. 13, II) by a vertical cleavage. Another vertical 
cleavage, at right angles to the first, divides each blastomerb 
into two smaller ones (Fig. 13, III). This is followed by a hori- 
zontal cleavage, which results in the formation of eight cells, 
in two tiers of four each, the four upper ones being slightly 
smaller than the four lower (Fig, 13, IV), The blastomeres go on 
dividing and presently arrange themselves in the form of a 
hollow sphere, whose wall is composed of a single layer of cells 
(Fig. 13, VII). The embryo has now reached the blastula (or 
blastosphere) stage of its development, a stage which is passed 
through by all multicellular animals whose life-history follows 
a typical c<mrse unmodified by secondary features. 

If we allow for the fact that the cells all remain together 
instead of sei>arating from one another after each division, it is 
obvious that the segmentation of the fertilized ovum into blasto- 
meres is identiuil with the process of multiplication by fission in 
such a protozoon as Amcelxi. The fact that each blastoniere is 
equivalent to a single protozoon and multiplies in a similar 
manner has been experimentally demonstrated in an extremely 
interesting way by Herbst, whose olnter vat ions were made uiH>n 
the development of the common sea urchin (Echinus). He 
found that, if the eggs are allowed to develop in sea witter from 
which every trace of calcium lias been removed, the blitstomeres 
actually do separate after each division and give rise to 806 
individual colls, which swim uhimt separately liku so many 
Hagellate I'rotozoa instead of remaining united togtither and 
co-operating with one another to form the normal blastula. Tho 
blastula stage itself, of course, corresponds very closely in general 
features with such a protozoon colony as we meet with in the case 

■ The extern ill ajigienrniici! of (lie mlult Aiiipliiumin in ri'j 111.-111: utul iu hi);, llrt. 
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of Volvox or Sph»erozoQm (compare Figs. 11 and 12), a point to 
wliich we shall have occasion to return in a later chapter. 

In the blftstula of Amphiosus the cells are still all very much 
alike, except tliat those at one pole of the sphere are somewhat 
larger than the others. DifFerentiatioii, however, now sets in in 
a very marked manner, and the cells thereby become divided into 
two distinct groups. That portion of the wall of the hollow 
bliisttita which is formed by the larger cells becomes pushed 
inwards or invaginated (Fig. 13, VIII), much as a tennis ball 
may be puslied in by the pressure of the thumb, until it comes 
into contact with the inner surface of the remainder of the wall. 
In this way the original cavity (blastocoel) is obliterated and 
the embryo takes on the form of a double cup (Fig. 13, IX, X). 
The cavity of this cup is an entirely new formation. It is the 
primitive digestive cavity of the animal and is known as the 
enteron or gastral cavity. Its mouth gradually contracts to a 
narrow aperture, the blastopore. The outer layer of cells forming 
the wall of the cup is termed the epiblast and the inner the 
hyiwblast, and the two are continuous with one another all round 
the blastopore. The stage now reached is spoken of as the 
gastrula stage. 

In nearly all Metazoa the blastula stage of development is 
followed by one exhibiting the essential features of the gastrula, 
or at any rate some indication thereof. The primary differentia- 
tion of the component cells of the body into an outer epiblast 
(which becomes the ectodenn of the adult) and an inner 
hypoblast (which becomes the endoderm of the adult), the one 
serving for protection and for the maintenance of all the 
necessary relations with the external environment, and the other 
surroundhig a gastral cavity and concerned with the digestion of 
the solid food which the animal captures, is closely correlated 
with the characteristic animal or holozoic method of nutrition. 

In later stages of development, in all animals higher than the 



J.V, yuDnu iMHtrula in loiiKitucliiuJ MCtion ; .Y, older gutrulamlongitadiriHlicctioii; 
XI, XII, XIII, tnnHVHnw wctions of nlilfr vmbryoH. ihominK the formiilioii o( l>>e 
rci'loiiiic iHRii'lu'it, niibichiinl uid neuni tube ; XI r, ImieitudiM] ■ectton of enibrjo 
<>tub<iutllii'«iiie>i|»M.\//,'.VK, Hidu view.item1.ryi> of Kame hkc u .V/V »ilh 
Ihi' ej>>bl»iit utrii-iKii vB [n>ii> one lide to hIiow the luexoblwilic Homiteo (onuud from 

lip, blaHbipun; Mr. MuhIocii!! or MSgtnenUtion cavity ; e.p. calomic poach; tnt. cnlcron ; 
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nenroua njBt^n, lornied by folding of iivural plate); o.c.ji. oiieuiuga ol cu^louiic 
pouchen into enteron. 
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Cceleiiterata {a group which includes such forms as jelly-fish, sa 
anemones and corals), a third layer of cells makes its npiiearani-f 
between the first two and forma the mesoblast (giving rise to tht 
mesoderm of the adult). In Amphioxus this luesoblast arises a-- 
a series of hollow, poueh-Iike outgrowths of the hypoblast ( Fig, 13. 
XI, XII, c.p.), and the cavities which these pouches contain jjiw 
rise to the body cavity or eoelom, while their walls gi%'e rise !■' 
mesodermal tissues. 

In accordance with what is commonly known as the germ- 
layer theory, these three layers of cells, epiblast, mesoblast, and 
hypoblast, can be recognized in the embryos of all the higber 
animals, and from them all the various parts of the adult bodt 
are derived. The epiblast gives rise to the outer skin it 
epidermis, the nervous system and the essential parts of tit- 
sense-organs; the hypoblast gives rise to the lining epithelium r.[ 
the alimentary canal and its various outgrowths, including ibt 
digestive glands, while from the mesoblast arise the \-arioiif 
connective and skeletal tissues, the blood-vessels and the essential 
organs of reproduction. The cells of which each tissue is com- 
posed acquire a characteristic structure of their own, and in 
this way the liistological differentiation of the body is gradualh 
completed. 

With the early stages in the development of Ainphioiii^. 
descrihe^l above, we may conipaie the corresponding processes in 
the life-liistory of a rioweriiig plant. Here the ovum, instead of 
Iniing at once liberated from the parent, undergoes all tlie 
earlier stages of its development within the so-called ovuk 
which, with the contained fmhryo, will ultimately be set freeu! 
the ripe s<^ed (compare Chaptt-r VIII,). 

As a definite example we may take the common weed known hs 
shepherd's purse, CttpM-lla lnirM-jHitt'inx (Fig. 14). The ovum 
lies in a cavity in the ovule termetl the embrj'o-sae. It is nt firet 
H single nucleated mass of protoplasm without any cell-walL 
After fertilization it divides into two cells sepamted by n wall, 
and the iirocess is rei^ated by a series of divisions part^llel to the 
first ono until wo iiave a row of cells, 'i'lie c-elt at one end of 
this row, known as the liasjil cell (Fig. 14, A, 1), '<.<.), is larger 
than the iithers and is attached to the wall of the embrj'o-sac. 
At the opposite end is a numdt^d cell, called the embryonic cell, 
from wliich the body of the young plant will he chiefly formed. 
The remainder of the row, including the basal cell, is known as 
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the Hiispeneor, mid serves (or the attachineut and nutrition of the 
embryo, which at first develops entirely at the expense of the 
parent, having no means of feeding itself. All the cell-divisions 




Kt(i. 14. -I nr Htagc-< ii> tho ourly 1 )ovel<ipinGnt of a Kloworin); Plant, 
fai-tlli I rm }h it /tk X ^(K). (l''nim Kcott's " Struct u ml l(()taiiy," 
aftef Hunetiii ) 

'i.r.. Iwml cell f auni u HOr f iiitylnliuiH in^^viiij; niit; i/, <1(>riiinU>gvi>: c, i'liibryimlc 
gruiiii iif ■ollii // tt""* I'K ixiiiit of BWni; h. tiinwniuwt i:i'll ol aimiviiHcir; 
I.M»nblu ir it illiof pkTo.i.o; >,_ .^ c:rll« ilfriv,-,! Iri.i.. A. 

SO far have taken place in planes parallel tn one another, thus 
giving rise to a single row of cells, hut the eiiihryouie cell now 
divides into four parts hy the formation of two cell-walls at right 
angles to each other and to the proct^ding divisions (Fig. 14, 
A, e), and each of these again divides into two by the formation 
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of ft wall parallel to the earlier divisiona (Fig. 14, B, e). Ti 
embryo now consists of eight cells or " octants." The next «iiv 
sioiis are parallel to its surface and cut off a superficial coverir 
of cells, known as the dermatogen (Fig. 14, C, rf), from whit 
the whole of the epidermis of the adult shoot will be derive 
The mass of rapidly dividing cells within this soon Iwcs'iin 
differentiated into two parts, the plerome (Fig. 14, T>,pr,j>l}, lyii 
in the axis of the embryo, and the periblem (Fig, 14, D, j»c), lyii 
between the plerome and the dermatogen. The plerome wi 
give rise to the vascular system ot the plant and the tissues ass 
ciated therewith, while the periblem will give rise to the cortic 
tissues of the stem and root and the mesophyll or middle layer 
the leaves. The periblem of the root, and the root-cap, are real 
formed from the uppermost cell of the siispensor (Fig. 14, C, A 
By further cell-multipHcation and differentiation in the thr 
primary layers — dermatogen, periblem and plerome — all tl 
various tissues of the adult plant are produced. 

Thus we see that in the higher plants and animals alike tl 
development of the individual from the fertilized egg consists 
the first plivce of a i)n)cess of cell-division, and in the second pl» 
of differentiation between the cells thus produced, accompanii 
by grouping of the differentiated cells to form the more or le 
sbaridv deiincd tis^iueK of the adutt. 
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CHAPTER V 

The cell theory aa illustrated fay the hiatological atructuro of the higher 
animals and plants — Limitations of the cell theory^The cell as the 
phyHiological unit. 

In all the higher animals and plants the constituent cells of 
the aiJult body are grouped in more or less well defined tissues, 
which originate from the fertilized ovum in the manner indicated 
in the last chapter, and the cells of each tissue co-operate 
with one another in the fulfilment of some common function. 
The study of the microscopic structure of tissues is termed 
histology. 

As examples of animal tissues we may take blood, epithelium, 
fat, cartilage, muscular tissue and nervous tissue, as met with 
in typical vertehiates. 

Blood is exceptional in that it is a liquid tissue, n condition 
which is of course necessary in order that it may circulate through 
the blood-vessels and perform its functions as the distributor 
throughout the body of food material and oxygen, and the carrier 
of carbon dioxido and other waste products from all the various 
]>arts of the iHxly to the special organs of respiration and excre- 
tion. Floating in the liquid portion, or plasma, are found two 
kinds of cells, the white and red blond-cor[)UScIes. 

The white corpuBcles, or leucocytes (Fig. 15, a.), closely 
resemble Amoebfc. They are colourless, nucleated celts, exhibiting 
ama^lioid movements, and they have the remarkable power of 
croeping through the thin walls of the bb^od-capillaries into the 
surrounding tissues. Like the Amoeba they feed, in part at any 
rate, by taking in and digesting the Ixidien of other minute 
organisms, and they grow and multiply by simple fission. They 
exhibit a much greater degree of independence than most of the 
cells of the body and can even live outside the iKxIy [or a time if 
kept in suitable culture media and at the proper temperature. 
Their most ini)>ortant function appears to be to defend the l>ody 
from the attacks of bacteria and other liarmful micro-organisms. 
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If these gain entrance into the tissues at any weak spot they i 
set upon by the leucocytes and literally devoured. Tliis iiroo 
is known as phagocytosis, and in this capacity the leucocytes i 
often spoken of as phagocytes. It is ohvious that the health 
the body must depend largely upon the activity of the phogocy 
and their efficiency in dealing with disease-producing " germs.' 
The white blood-corpuscles, then, differ in no essential par 
cular as regards their structure and mode of life from so ma 
Protozoa. It is true they cannot live permanently outside t 




l''lii. 15,- -Itlooil Coijiusilcs lA tho Fruj;, x ;(26. (From a photograph.) 
».. wliiLo coriiiiwl.- .ir lom.K'yU^ ; li., tv\ «ii-|illHi..l.>B or liR'iiiaticlH. The nuclpi u>n 
In;lit-iti1i>iin3<l III till, pliiiliigniiili iiKiiiK l.i tlicir liaviin- been stained blue in ( 
l'"T»rntn.u. 

body, but that is also the case with many jmrasitic Protozi 
wliicb live in the lilood of other iminmls. Tliat they are n 
inde|)cnderit oiganisms, but form an integral part of the Iwk 
in which they occur, is, however, obvious from the fact th 
they have ii common origin with all the other tissues from t! 
developing ovum. 

The red corpuscleH, or hajinatids, are very <lifferent IxhIu 
They float (wisKivcly in the bloiMi-stroiun and ser^-e as the carriers 
oxygen giis from the respiratory orgiins to the various tissut 
Unlike the leuciicytes they have definite and constant outline 
thimgh. owing to tho tiexiiile nature of the thin cell-memhrane i 
which ihey are eucloswl, they may undergo temporary distortio 
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Individually of a pale yellow colour, and ao small as to be quite 
invisible to the naked eye, they occur in such vast numbers as to 
give the hlood its characteristic scarlet or purple colour. It is 
estimated tliat in a cubic millimetre of human blood there are 
alxiut five millions of these red corpuscles. 

In the frog the hrematids are Battened oval cells about 0'02 mm. 
in longer diameter, with a centrally placed nucleus (Fig. 15, b.)- 
In man they are a good deal smaller, and circular in out- 
line, like biscuits, and. as in all the Mammalia, the nucleus 




Fill. I(J. -Ei>itbolium from the Mo^ontory o( a Frog, X 2fi«. (From a 

phutuf^aph.) 

Tliv untU'rlying tiBBUi'B btu hvii in.liiitinctir llimuKli Div trau>i|mrviit F|iitlielittl celU, 

whou) tiullniuii only aru viiii1.1v. 

hiktt entirely disapt)eared. They owe their red colour, and 
their power to act as carriers of oxygen, to the presence in them 
of a peculiar pigment known as hienioglobin, with which the 
oxygen appears to enter into a state of loose clieinical conihination 
from which it is easily lilterated again when reijuJred hy the tissues. 
They may indeetl )>o regarded as mere bags of hit'inoglohin, formed 
from highly speciiilizo<l cells which have lost all power of indepen- 
dent existence. They cannot even multiply hy division, hut, as 
the old ones are worn out, they are replaced by the formation 
of new ones from less sjiecialized cells in various parts of the 
body. 
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The term epitlielium is Applied to any larer of cells coveriiij: 
a free surface. Au epithelium is therefore primarilj n proteciin 
layer, I-iit it fre.]ueiuly Iieci-'iueB modified for other purpoBes. Il 
may. fur example. I'eo-jme glandular, certftin of its cells taking on 
the fuucii'-n of Sfcretinn, or it may become sensory, with celli 
Rliecially adaptctl f.ir the reception of stimuli. It may conaist «l 
A .-riiicle layer cif cells ot of se\-errtl layers one above the other. 

A K'u'd exaiiiple cif the single-layered type is found in the 
lierit'-neiil epitheHnm irhich covers the surface of the mesenten' 
or meiiihraue ^np]>i>ning the intestines in the ctplom or bodv 
cavity. Fi;^. ll> represents a imrtion of such an epithelimii in 

which the cell-outlines havt 

been rendered very distinct 

by staining with silver 

nitnite; the nuclei, how. 

ever, are not shown by this 

method. Each cell has tbf 

form of a thin. Hat. poh-. 

gtnial plate, ami tlity all 

tit accurately together Ht 

their edges. With tlii.-' 

Figure should lie cotnpare.! 

Fip. 28. A, which reprfseiits 

a tiinf-le-Iayered epitheliuiii 

jnvpared in sucli a wnv us 

to tshowlKtth nuclei and ct-U- 

oiitlincs. 

: llm inside iif tin- chwk with some clean. 

examine ihi- niilky-li.nking product under 

■'.]ii>. we sliJitl timl that it coiitftins a numl>er <if 

-all -like iKidies ii-'ifj;. 11). cither entii-ely sejHinit*^ 

I- or less cdniiettwl together by their 

u: extent ovcrlapiiing. These also arc 

I! foniKil part of thfj Kiit^cial eiiitlieliuni 

. Ilir c]iidi'niiis. which la derived from thu epihinst or 

.■]| hiyi'i' iif Mil' I'inliry'i and i-overs the outer surface of 

If Hc i'\:iiriiiir oil) preparation nmrc carefully we sliall 

Ibi' iills have an irn-jiularly rounded contour and tlmt 

Mil- uliiiiil. <i'(lH mm. ill diameler. There is a more or 

■.i\\\ pliLieil iiiicleiis (which apjiearK dark in the figure 

lli.^ ruiinia-i- in Hhirh il has I>cen stained) and the 
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cytoplaein is granular. They are, however, dead, or at any rate 
morihund cells. Owing to the constant friction to which the 




flpd.<| 



—Vertical Section of Stratified Epithelium from the Mouth of a 
((ftalCat, X 28(1. (From a photograiih.) 
dtr., itcniiiii: e|id..<>pi<leniiiB; B.m., Slraluin Malpighii.or layer of nvtivelydi Tiding cella. 

surface of the hody is exposed such cells are always being rul)l)ed 
off, and it is these which, by accumulating in places where the 
friction is less severe, form the so-called scurf of Ihe hair. 




Via, l!l. -Section of AdipoHe Tisnue from nhich the I''nt hoN 1>een ilinHolvcd 
out. leaviiift the thiu-wallcd Cells empty I'lid shrivelled, X ITS. (From 
a phot«igraph.) 

As they are worn away their places are taken by other cells 
which arise from & deeply situated layer, at tho lower limit of the 
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epidermis, in which cell-division goes on actively throtighont life. 
In this way a many -layered or stratified epithelium is fonued. as 
shown in Fig. 18, which represents a small portion of a tbin 
vertical section through the epidermis (epd.) in the mouth of h 
f<i'tal cat. At the lower limit of the epithelium, resting iiiiut- 
diatoly upin the connective tissue of the dermis (der.). is sevn 
the layer of actively dividing cells (s.m,). The cells cut off (rf>m 
this layer are gradually pushed outwards, becoming flnttened and 
scale-like as they approach the surface. . 

Fat, or adipose tissue, consists of an aggregation of more or 




i;: till- Ciirtilape Colin (c.c.) imbedded in 
' Oroiitid >Sulietiinco Im.], x 3V*>. 



icBH globular (rells, swollen (uit by the accumulation within them 
of drops of oil. If the oil is dissolved out by suitable reagents 
the empty cells are lott witli tlieir cell-wallH or memhranes in a 
somewhat shrivelled condition, as hIiowii in Fig. 19, and the 
tissue now bears a curious reseniblaiice, when Heen in section, to 
vegetable parenthynui, siidi as is stten in sections of pith 
(compare Fig. 7). 

Curtilage, or grisllo, is one of the skeletal tJHsiie-s, serving for 
llie «upi>ort iif tbe body and the protection of s}>ecial organs. 
In some of tbe lower verlebnit^^a, such as the dog-fish, it formH 
praclically ihe wliole of tlic inlcrnal skeleton, but in higher forms 
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it is Lo a greater or less extent BUppleiuented or even replaced by 
bone. It consists mainly ot a toagh, translacent matrix, or 
intercellular substance, which is formed as a secretion by the 
cartilage cells and in which the latter are imbedded at wide 
intervals (Fig. 20). In this respect it differs greatly from the 
epidermis, in which the cells lie close together and little or no 
intercellular substance is developed. The cartilage grows by 
repeated diviHion of the cells which it contains and the secre- 
tion of additional intercellular matri}c between 
them. The frequent arrangement of the 
nucleated ceils in pairs, as shown in the 
illiiHtriition, is an indication of recent cell- 
division. Bone is a more complex tissue than 
cartilage and is further strengthened and 
hardened by the deposition of calcareous 
salts, chieHy phosphate of lime, in the matrix. 

Muscular tissue is specialized in a totally 
different direction from any of the foregoing. 
Its function is to contract, and by so doing 
to bring alwut tlie various movements of 
which the higher animals are capable. There 
are two very distinct kinds of musculiir tissue, 
the one comparatively simple and the other 
much more complex in structure. The former, 
which is known as unstriped muscle (Fig. 21), 
consists of greatly elongated ceils, the muscle- 
fibres, associated in aheeta or bundles. Each 
has a centrally placed nucleus and its cellular 
nature is at once obvioua. The wall of the 
alimentary canal, outside ita lining epithelium, 
is coniiMJsed chietly of muscle-fibres of this 
kitid. Their rhythmical and co-ordinated contraction canaea 
the characteristic peristaltic movement whereby the onward 
passage of the food ia aecured. These and similar movements 
ofTected in other organs by the action ot unstriped ninscnlar 
tisane take place quite independently of the will — whence the 
term " involuntary " is often applied to this type of muscle. 

Striped or striated muscular tissue is usuiilly under the control 
ot the will, and is hence often spoken of as " voluntary," hut it is 
found in the higher animals wherever very sharp, precise mi>ve- 
mentfl are reiiuired, as for example in the walls of the heart, the 




FKi.21. -Uiistriporl 
Muscle FilireH 
fmm the Wall of 
thcRabbifBln- 
testinc, X ™iO. 
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contraction of which eerves to pump the blood through the bl0'>i- 
vesselH. It is more especially aseooiated, however, with the 
movemeiils of the limbs, the bones of which form a 3rsl«m 4 
levere opemted by the muscloB which are attached to them. 1: 
differs greatly in minute structure from unstriped muscle, tboii;:h 
consistiiig essentially of greatly elongated, nucleated libM 
endowed witli remnrkable powers of contraction. These fibrfe. 
and the fibrillic into which they are subdivided, are chnracteriH'! 
by a transverse striation of alternate light and dark band-'. 
Their Mtruuture is very complex and in the fully derelo[^ 
muscle it is diHicuEt if not impossible to recognize the limili 




] fr<itn the Tail of a larral Axolatl. 
Olio. (I''rom a phuto};raph.) 

between the cdustltueiit cells. Fig. '22 represents a numlwr i>t 
Htiinled III usilu- fibres frmn tlio tiiil of a larval axolotl, in whieli 
each libro is seen to be provided with several distinct nuclei. 

Tlio nervous system, iis we have already pointed out, 8erves lo 
plaee ihu different parts of (he body in communication with oiw 
luiotlier anil exercises a controlling and co-ordinating inttiieiice 
over the whole, while liirougli (he mediation of the siiecial organs 
of sonso it keeps the organism in close touch with its enviroD- 
meiit. The tissue of wliich it is composed (Fig. 28) consist." 
of nerve-cells and neive-tibres, but the fibres are merely out- 
growths ot the cells. A cell and tibre together form a neunm 
— a single unit ot the nervous system. The nerve-cells, or 
rather their bodios, occur chietly in the brain and spinal cord, 
wIiIlIi coHstitnte the teiitnil iiervous system, but also in small 
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■^ocftl aggregations, cr ganglia, in various parts of the body, 
■^he nerve-tibres extend outwards from the central nervous 
^SyBtem in long, slender bundles, the nerves, which are distributed 
Mto the various organs. 

II The body of a nerve-ceil contains the nucleus and is usually 
^much branched into slender processes or dendrons (Fig. 24), 
Krhich are quite distinct from the nerve-fibre and are supposed 
ilto afford the means of transmitting impulses between one nerve- 
' icell and another, with the dendrons of which they interlace. 
9r 




I'lo. -lli. -NervouB TiBaiio, as seen in a thin Seolioii of the Uruin {MoauUa 
ohluii^^atii) of tho Monk yish. Two Inrge nucleated Norvo CelU ai« 
sluiwn inibedilcd iu a MaMot smaller Cells anil Fibres, x 168. (From a 
phot')graph.} 

Like other higher specialized tissue-cells of the animal body the 
neurons have lost the power of multiplication by division. More- 
over there appears to be no provision, in some adult veiteb rates, 
for their renewal when worn out or injured. A certain number 
are formed in the course of the development of the embryo uiid 
thexe have to serve the animal for the whole of its life. 

All the different kinds of cells met with in the body, a few of 
which have been thus briefly described, are derived from the 
apparently simple unicellular ovum by repeated subdivision and 
(gradual differentiation. The functions which in an Amadia are 
all performed by a single protoplasmic unit are in one of the 
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higher ftnitnals diBtrtbuted amongst) thousands of millioih 
such miitB, arranged, ho to speak, in regiments and armies, e 
group with its own duties to perform and all co-operating tor 
common good under the supervision and control of the cen 
nervous system. The marvellous perfection of the vi 
mtichtnery is the reBult of that differentiation and divisioi 
labour which was first rendered possible by the union Rnd 
operation of the individi 
of a protozoon family tof 
a multicellular body. 

Turning now to the hi; 
plants, we shall find thai 
accordance with their in 
lower degree of fundi' 
activity, their organiza 
is far less elaborate thai 
the higher animals. In 
relation with their statioi 
habit all those organs 
tissues which are speci 
concerned with l(>couio 
are absent, and in fur 
correlation with thJschara 




there i 



' nervous sys 



and no special or^nu of se 
Of the fuuctious concei 
with the life of the iudivii 
— tliat is, other than re| 
ductive functionH — that 
nutrition is alone hi} 
developed. The entire p! 
is little more than a piec 
iijiliarfituK tor extracting mrbon, wiit<;r and mineral salts from 
air iiiul soil, and converting these, with tlio aid of tlio sun's r 
into orgiinic substances. Although the hi<;lier plants often at 
u nnifli larger sine than any iinimnls, this does not indicat 
liiKhcr degree of organ i station, for it is hrimglit about simply 
the nqietition of similar parts— such as roots, branches . 
leaves — and the accumulation of dead ceil-walls in the forn 
wood and bark. As we have already seen, a green plant, inst 
of spending the energy which it derives from the sun on its ( 
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■'activities, stores most ot it up in the complex chemical compounds 
''-which it manufactures. 

M Nevertheless, though the degree of histological diCFerentiation 
''i is not nearly so high as it is in the higher animals, we find in 
■ I the higher plants ntao a considerable variety of cells and tissues, 
■ derived, as we have already pointed out, from the dermatogen, 
n periblem and plerome of the embryo. 

i We may illustrate this point by a study of some of the cells 
i and tissues which occur in the well-known spiderwort of our 
I gardens, Tradexmntia rirgUiica. If we examine the flowers ol 
I this plant we shall find that the stamens are covered with long 




FlO. 2j.^5trwcture ot a llair from a Stamen of Trn'letraiitia viryiiiira. 
A. End al s Imir lU w«n under a !<]» iKiwet of tho niicroHco|>e. The hair is mulo iii> ol 

B Mingle ruw ol wIIh. 
S. A ninRlo coll moru highly niiiKiiifi«l. 

ucleua; p.u. |irimordial utrii'le; rnf. vacuole filled with coloured 






I i;ell->u 



slender hairs. It will be convenient to make these hairs the 
starting point of our inqairy. If we study them first under a low 
magnifying power we shall see that each hair (Fig. 25, A) is 
made up of a single row of cells, arranged like the beads in a 
necklace ; most of the cells are elongated, but towards the ai>ex 
of the hair they become short and spherical. 

If we now concentrate our attention on one of the Itirger cells 
and study it carefully under a moderately high power of the 
microscope, we shall find that it exhihitH the appearance shown 
in Fig. 25, B. It measures about 0'27 mm. in length by 
0*08 mm. in breadth and consists of a thin-walled bag filled 
with living protoplasm. The wall (c.w.) is transparent and 
colourless and is composed, as in Uffimatococcus, of cellulose. 
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The granalsr, eoloarlesc protoplasm does not fill the interj 
of t':ie cell io a anifonn manner, bat is arranged partly u 
tbio lioing to the cell-wall, known as the primordial mri 
if'.'i.i. and partly in irregnlar stiiDgs which branch and am 
tomo^ and Etretch across the cavity of the cell in raric 
directions. These strings of protoplasm tend to converge tovai 
an irregnlar mass in which tbe naeleas is situated. The uuck 
it^if (nH.> is a nearly spherical body of denser protoplasm, abc 
0'024 mm. in diameter. The extensive space which lies insi 
the primordial utricle and between the strands of protopUi 
is filled with a more doid liquid known as the cell-sap. It 
to this cell-sap that the flowers of Tradescantia owe tb 
colour; if the flowers are blae the cell-sap will be found 
be blue and if iher are while it is because the cell-Eap 
colourless. 

The most striking feature of the cell which we are esamini 
still remains tol^ noticed. The protoplasm is in constant mo< 
mi-.ni. This i^at once evident from the characteristic Rtreami 
of thfl Huiall granules which it contains. Both in the primord 
utricle and in the network of threads n constant circulation 
kept up, though not in a very definite manner, as the tbrea 
thcimiielvf-s are constantly undergoing slow changes in tb 
Hrrimgeinent. The arrows in Fig. '25, B indicate appro.\imali 
thit conrHe Uiken by the strt-aiiting protoplasm at the time wh 
thtt drawing was made. 

The Hlreaniing ot the protoplasm appears at first eight to 
an tiHmintially vital )ihenumennn, hut it is probably merely t 
nii!<;)jiiniciil result of chemical and physical processes going 
iij the cell, tiiich as the diffusion of various substances in soluti 
from dim: cell to another, which must take place in the process 
rintt'ition. If the cell is killed by the addition of alcohol t 
phyHJcal and cliuniic.il conditionK are at once altered and t 
niovoniimt ceaseH; the protoplasm is coagulated and, if we a 
clfiHltng with a cell containing coloured cell-sap, the nncle 
aliH'irlis tlui colouring matter with great avidity and becom 
ilmrply Htainiid, whilo the cytoplasm stains only very slightly 
not al all. Wo are thus able to make the cell stain itsi 
dilTi'iiMiLially, without the aid of any exlraueous colouring matti 
llin i'i'll-Hii|i ikctiiig as what is termed a nuclear stain. 
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of this plant are long and narrow, somewhat reeembiin^; those of 
grasses. There is a pronounced midrib and tlie ao-called veins 




Flo. 2fi. -IIiBtology of Iho I#<it of Trailueantui n'ri/iiiira. 
A. rm-t ol n tmmnTss i*ction ol the leaf. 

Jl. l'i«^ n( the opidKrmiii itrlpped from the lower Burfaca o( the li'nf, 
C. C'hlnmiilijll mllH (mm the iiiuw>|.hyl1. an aeen in n longiludinal >pclion of th« Icnf. 
i>. I'lirtioiiH (i( toar (mwln Iroin ■ vancglar baodle, with spiral and annular marhiniiH, an 

iweii in a lonKitodiiial vectioii of the hundle. 

(All more or letm hiffbly maeniHed.) 
a.r. air-catity; f.<-. chlorophyll cell ; rp. FhloniplaatidH; <7>.r. cpiilcnnie cell ; rpd. epi- 

i)i'nnii>i g.e. (tuanl-cell ; mn. meaophyll ; nu. iiugIkuh; pur, cnlimrlmii parein'hjnia ; 

I'l. hIihuUi al raxralar handle, mmpnHed of thin-wallwlcelliinmtikininKHtan'U KNinn; 

•it. thick-walled skelfUltiiMiDe; if. (tuma; i.li. vawular liuiidle; rra. vchhiIx. 

run parallel with one another from base to apex, as in all typical 
Monocotyledons. 

It we cut A thin transverse section of a li\inf; leaf and 
examine it under the microscope in a drop of water (Fig. 20, A) we 
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shall see at once that it is made up of three principal t 
syatems, the epidermis, the mesophyll and the vascular bu 
The epidermis (epd.) covers the upper and lower surfaces 
form of two single layers of cells, the mesophjrU (met.) occopi 
I space between these two layers, and the vascular bundle8(i 

corresponding to the veins of the leaf — are imbedded ii 
mesophyll at fairly regular intervals (only one ia sliewn i 
iigiire). We must examine each of these tissue-systems 
riitely, and in order to gain a correct idea of the foni 
arrangement of the cells of which they are composed it w 
necessiiry to study them from various points of view. 

The ei)idermis may be stripped off bodily from the surf 
the leaf and then exhibits under the microscope the apnea 
tihown in Fig. 2(i, B. It is composed of eluQf^ted cells, i 
side by side in a single layer. The amount of protoplasm ^ 
these cells contain is very small, but the nucleus (hi 
frequently conspicuous. Their external walla are spe 
thickened in relation to their protective function, a fe 
which can only lie seen in sections {Fig, 26, A). At fre< 
intervals little slit-like openings occur in the epidermis. 1 
are the stiiiiiata (sf.) which lead into air-spaces in the uiesoi 
I'lach stmna is bounded by a pair of sjiecially modified epidi 
cells known as the guard-cells (V;.c.) — the only epidermic 
containing cliloropliyll— which liave the power of openinc 
closing the stoma like a pair of lips and thus regulatini 
anxmnt of aqueous vapour which jjasses through the stoma 
the process of transiiiration. On the outer side of each gi 
cell lies another epidermic cell of much smaller size than 
ordinary kind, and these, together with the guard-cells, foi 
kind of roof (or tloor) to the uir-eavity (Fig. 26, A, a.c.). 

The incsoiihyll eimtains the chlorophyil-bearing cells 
which the assimilation of carbon dioxide is effected nnd w 
are at oncts recognized by their green colour. They apjiear i 
or less round or oval in transverse sections (Fig. 26, A, cc.t, 
are really considerably elongated, parallel to the length of 
leaf, us shown in Fig, 26, C. They come in contact with 
another by numerous short protuberances, Imtween which lie 
spaces in which the air, containing carbon dioxide and a(pii 
vapour, circulates. Each contains a nucleus (iiii.) and nuinei 
small, biscuit-shaped green Imdies, the chloiviplastids or chl 
jiliyll corpuscles (171.), imbedded in the cytoplasm. 
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fn certain pliicBtt the green meBophyll cells are iiitemipted by 
groups of cells coottiitiin;^ no cliloropliy!!. At intervuls benefith 
the upper epiderruis we see masses of large, thiii-wallcd, colourless 
cells forming a parenchyma or ground-tissue {par.), while beneath 
the vtiseiilar bundles we find bands ot very thick-walled cells («A.) 
which play an importiint part in the mechanical support and 
strengthening of the leaf. 

The vascular bundles are surrounded each by a sheath of thin- 
wnlled cells (hIi.) containing numerous small starch grains. 
Within this lie the bast or phloem and the wood or xylem, com- 
posed of the elongated tubular elements throngh which the sap 
circulates. The raw sap consists of water with mineral salts 
in solution, and ascends through the xylem, while elaborated 
sap, containing the proteids which have been manufactured in 
the leaf under the influence of sunlight, descends throngh the 
phloem. For our present purposes we may confine our attention 
to certain of the xylem elements, known as the spiral and 
annular vessels. These consist really of dead cell-watls, forming 
long narrow tubes eiich composed originally of a row of cylindrical 
cells placed end to end. In the course of their development the 
transverse dividing walls between these cells are absorbed, the 
protoplasm disappears, and nothing remains hut a long hollow 
Lul)o whose walls are strengthened by spiral or annular thicken- 
ings. Portions ot these vessels are represented separately in 
Fig. 26, D ; in A they are seen only in transverse section (tva.). 

Such are the principal kinds of tissue met with in a typical 
flowering plant, and such is the way in which it carries out the 
[>rinciples of co-operation, differentiation and division of labour 
tmongst its constituent cells. 

To most people it will probably appear that the fundamental 
;ruth and general applicability of the cell theory are aufticiently 
irmly established by considerations such as those with which we 
lave been dealing. It has, however, certain undoubted limita- 
.ions, and u^wn these limitations some biologists are inclined to 
uy a good deal of stress. 

Thus, from the point ot view of the cell theory, we regard the 
:ell as the organic unit; there are, however, units of a lower 
irder, ot which the cell itself is composed. The chloroplastids ot 
me of the higher plants, for example, exhibit a good deal ot 
adividuality, being capable of independent growth and malti- 
>licRtion, while, as we shall see later on, it is necessary tor 
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theoretical reasonii to postulate the existence of some such loiie 
a>> Professor Weismsnn's biophors as tbe primary anits of viiit 
living protoplasm is huilt up. 

Then, a;;aiii, althou<;h it may be questioned whether ic; 
absolutely uuuucleated or;ganisms, such as Haeckel's Mooen 
really esiut, there can be no doubt that the most simply organiat 
livirif^ things known to us, the Bacteria, which probably auiiJi 
long way below the )>oiiit where the animal and vegetable tin; 
iloins i>art comimtiy, and whii-h are the moat abundant of i. 
living organisms, do not show that sliarp differeotiatioa isti 
(.■ell Itoily ami nucleus which is so characteristic of typical crlk 




r'rii. J7. ll'iriU,,^ >„.:-,j.rii„rl,i. llactcria from the Bli»d ot a Fi-h (.So^ 
l>i;i„iliHi] Ktiiiiinl Mi> IK ti) I'hiiw the ilistributioTi uf the chtomiib 
(niic'li'iiij iiiiitciiiil, which i" ropreaoiitwl iii hlack, and which uiay I 
iiiTiiii^'iiiliii HiiuillMMttvn'clf.T.iniilc^thr^iigboutthecclt, uririanirregul 
iirtwiirk, I'T in ii>i im'Kiiliii-, minv or Ictw twintcd rod, x 2O00. (Aft 
Dirlicll ill thi! ■'Hiiiiiti'rij- J.iumnlof Mit-ruscopical Sciente.") 

t)ii> iiiK-Ii'iir cotiHliliiuiits liL'ing mure or less scattered througho 
till' i-ylo]ilasiit (l-'ig. '27). 

A dilliciilty iif iinoUiia' kind is met with in the fact that id 
{■iiDcl iiiiiiiy niNiis till! (livisiiui of tiie lUK-lena is not followed— 
any raU- nut ininntiialcly by conctspomling division o! i 
(•yto|ilaHni. S^inio.Xmivbif (;(in«tantly have two nuclei, and we sun 
times grt rolalivtdy large iiiassi's of protoplasm containing mai 
niii'lei fiiniieil by repeated iliviKion. These are termed syncvt 
\Vn nii-el. in fuel, wltli nil degrees iit separation of the cytopia? 
into distinct vMh, and a great ninny iif the cells even of higli 
develii)ii'd plnntH and nnimnis niny remain connected togeth 
Mit'oiiM)j,itit life by tbin KtrandH of prnloplasni. \ie have alreai 
milieed iin example of thin continuity of the protoplasm in t; 
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»8e of Yolvox ; nnotlier is sbo vn u F g 28 B wl ch represents 
t syncytial epithelium. 

On the other hand, in some of tl e oner organ sms — the 
Myxomycetes, slime-fangi or Afycetozoa as they are va ously 
sailed — numerous origina y sepa ate Amoel a 1 ke nd duals 
may fuse together to form p asmod a wh ch -ae.} c nt nue to 
teed and grow and undergo uc et d so unt 1 tbej fo m g eat 
iheets of living protoplan co a n" perlaps I und eds or 
thousands of nuclei (Fig. liese a d sn a f ets ov 

Bver, interesting and 
iDstructive as tliey un- 
ioubtedly are, cannot 
be regarded aa con- 
Btituting a serious 
invalidation of the cell 
theory. 

There is no more 
fundamental or more 
Btunulating conception 
in the domain of bio- 
logical science than 
that of the continuity 
of life as formulated by 
this theory. We have 
to imagine the whole 1- it! 

organic world as con- J. Aj{ nsih ry™- 

Bistiiig of a continuous p « 

stream of living pro- ^* * (,„, m " ' 

toplasm, which com- 'O 

menced to flow many 

millions of years ago and lias continued without interruption 
ever biiice. At every cell-division the stream branches and 
physical continuity is more ur less completely interrupted, but 
this in no way invalidates the conclusion that if all living things 
did not actually have a common origin in a single primordial 
protoplasmic unit, they probably at least originated from several 
such units which themselves arose under unknown conditions 
from inorganic matter. 

The modern ucience of cytoiogj', which is contrasted with 
histology as the study of individual cells rather than that of 
tissues or cell combinations, and which is yielding such important 
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' .-" T-.; . rtci'i t^ she- imnf ( 
... -.1-- I'-i^.i. I: ia ti--i..nlv' 
.. .: t ::.- i.i.iv E-c; alio iht jihy 
A.. :. ^ -T^-^T.'.Ul vital ptvcfewe* l 
;-:. - : i.. 'r.i 'ii&rviu junui 
-..■ — \ ::oc~;*i jiftta. in and oa 
/- ; ■.:;-::. a- .» !uicro:io*-ipic la)*<M; 
:.:..»: ;■- i.:-: n- comi>risetI under 
;..';•■. A'.A .lUhv.uizIi. in the liif 
•■i: .11.- i!.:i:;i*illy ile|<tfndf nt upun 
H c'Tliiiri ile;:ree of I>hysiologii»l 
lividniililv. 
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CHAPTER VI 

The miiltipIiCEition of cells — Mitotic and amitotic ouclear division. 

We have already seen that the possibilities of structural 
differentiation within the limits of the individual cell are by no 
MneaiiH exhausted by the distinction between cytoplasm and 
mueleus, but it is only when we come to study in detail the pro- 
csess of cell-division that we begin to gain any adequate concep- 
wion of the fundamental complexity of the organic unit. We 
Kl&ve hitherto spoken of this process, as it occurs for example in 
-Amcelm, as though it were a simple matter, initiated by constric- 
'Sion ()! the nucleus into two parts and concluded by a correspond- 
ing division of the cytoplasm. The researches of the last forty 
jears, however, rendered possible by the improvements in 
microscopical apparatus and micro-chemical technique, have 
taught us that in the vast majority of cases the process of cell- 
division is one of extreme complexity, accompanied l)y remark- 
able phenomena which reveal a previously unsuspected degree of 
structural differentiation within the nucleus itself. To these 
■ phenomena Schleicher in 1878 gave the name karyokinesis, for 
* which Flemming, in 1882, proposed to substitute mitosis. Both 
> these terms are still in common use. 

' In a typical cell (Fig. 30) the cytoplasm (cyl.) is a semi-liquid 
' substance usually enclosed in a thin cell-membrane (animal cells) 
or a thicker cell-wall (plant cells). It exhibits a microscopic 
structure which is variously interpreted as reticular (fibrillar), 
alveolar (foam-like), or simply granular, the probability being that 
the real truth is expressed by a combination of these different 
views. It may or may not contain plastids of various kinds (i:)/. 
chloroplastids in green plants). 

The nucleus (nti.), consisting of the so-called nucleoplasm or 
karyoplasm, is usually a spherical, more or less centrally situated 
hmly enclosed in a definite nuclear nienibrnne (h.jh.). Within 
this membrane the kary()i)lasni is differentiated into various con- 
stituents. In the first place there is a network or reticulum of 
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delietite protnplnsiuic threads, known as the liniii network 
meslien of which are tilled with a clear, probably liquid gmt 
subatance known as nuclear sap. These two together sen 
difTer but little from the cytoplasm which lies outside 
nucleus. 

The most characteristic constituent of the uncleus is ano 
substance, to which, on account of the readiness with whie 
becoiuea coloured by certain dyes, the name chromatin' hae) 
given. This substance usually occurs iu the form of s 
granules ((/( fjf) scattered o\er the hnin network, so that i 
very close t igethei they appear to foini a chrouintin net* 




while nut infreiuentlj a spLLuilh laige aggregation of cliron 
sulistimce fornih a nutkfilus oi kanosonie Uiiicl.). 

Owing t > tlu jmsctKL t Ibis ebioniatiu the riueleua as a v 
under low pi n* i if the nncr< sc ipe ap])ears to l>e deeply coir 
by such stani us \ irious pifpuation-i of logwood and car 
and the banic aniline dyes. Wt: have already had occasif 
observe this stiiining pn>])nrty iti the case of the hair-eel 
Tradescantia, whore, it will hi; remembered, the nucleus l>ec' 
det'jjly stained by the coloured cell-sap us soon as the celli 
killed by the action of alcohol. Other stains, again, affec: 
cyttiplasni ralher than the nucleus, and these varionu ehei 
reactidiis enable us to differentiate fairly sharply Ixitweei 
different constituents of which the cell is cimiiKised, though 
a matter of some doubt exactly how far the structure o: 
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living prutopliism really eorrespnada to the nppearances 
exhil)ite(l in our preparations. 

The differences in their staining reactions ot course indicate 
corresponding differences in chemical composition betiveen the 
chromatin and the cytoplasm, and analysis has shown that the 
chromatin is characterized by the presence of relatively large 
quantities ot phospliorua. This is contained in the complex 
nucleinic acid, with which various albuminous bodies may be 
combined to form the chromatin substance. 

When a typical animal cell is about to divide another structure 
makes it appearance, usually just outside but occasionally inside 
the nucleus. This is the centrosome {Fig. 30, c.s.), a very 
minute body which has peculiar staining properties and which 
is surrounded by a differentiated area of protoplasm known 
as the centrosphere or attraction sphere (Fig. 31, A, caph). 
It has been (juestioned whether a centrosome and attraction 
sphere are always present or whether tliey make their 
appearance only when the nucleus is about to under<;o 
mitosis. This process certainly seems to be initiated by the 
centrosome, which may divide into two parts long before the 
nucleus itself commences to do so, so that two centrosomea often 
appear alongside the so-called resting nucleus (Figs. 30; 31, A). 
Presently the two centrosomes move away from one another, 
both still keeping close to the nucleus, and each is now seen to be 
surrounded by its own attraction sphere (Fig. 31, B). Around 
each attraction sphere delicate threads or fibriil^e of the cyto- 
plasm become radially arranged to form a star or aster, and 
the rays of the asters which lie between the two centrospheres 
combine to form a spindle (Fig. 31, C, Imp). 

In the meantime remarl<able changes have commenced in the 
nucleus itself. The cbromalin granules, together with the linin 
by which they are apparently held together, have arranged them- 
Nelves in the form of a long coiled thread, the spireme (Fig. 31, B), 
and presently the nuclear membrane begins to disappear (Fig.31, 
C, Arm), l>eing apparently dissolved in the general protoplasm. 
In this way the distinction between cytoplasm and nucleoplasm 
is obliterated. 

The spireme thread breaks up into a number of short 
lengths known as chromosomes (Fig. 31, C, rhm), the actual 
Duml*er being, with certain exceptions, a constant character for 
each species of plant or animal. The centrosomes at about this 
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time take up their positions at points correspondiog to tu« 
opposite poles of the origioal nucleus, with the spindle of fine 




Fio. :il.— liinjn'Btii lit ihc gnindjMil Slti;.-C7i in tlic iiiiiotic Division of tbe 
Xiii;lt!U« ill n tviiiciil Aniiuiil Cell. (I'r.H.i WeiMnaiin'8 " Evolution 

Thefiiy." mliiptcd tioin K. Jf. ■\Vilsiii,) 

mi/. I'ciiiuH.riul i.liilc ; .7.r, I'lin.iiiiKiii ; ■It-. ilimim«..iii,.s: .«, n-utriHo.iMi; <■»»*, centre- 
K|>Wn'. c'liiituiiiitii: ..II.' iir luo .tiitnmini.'H ; tt. iiutk'Klii. : km. naiTpu innn- 
ljr.L.1.-; *». uu.lciis: ki-i: «/'. Hiii'li'iir s]Nii.llr; ;., iiM.T : I/.; lUuglihu- nnclcaa: 
li, .lHUKlil..r .-.n : .-*, .-yl.,i.l..-..i f.,m.ii,K Ih.. .vll l-iy. 

protopliisiiiie tiliivs ntretelicii lietween tliem (Fig. 31, D), and tbe 
chniniofli lines "{■<' on the spindle," arrsiifiing tlu^inHelves in a 
Hu-i-allo(l eiiiiiitoiiiil ])Iate acniHS its widest ptut (Fig. 31,1), acq). 
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The shape of the chrotiiosonies varies much in different cases ; 
they may be more or less sphericnl, hut they are frequently short, 
rod-like bodies, often shaped like a V (Fig. S2, A). Each one is 
composed, like the spireme thread (rom wliieh they are derivecl, 
of an aggregation of chromatin granules, held together by a 
linin basis. The chromatin granules are sometimes arranged 
like the beads on a necklace (Figs. 32, B ; 77). and are known as 
chroniomeres. The number of the ehroraoBomes also varies 
greatly, from as low as two in a variety of the horse-worm 
(Ascaris) to as many as one hundred and sixty-eigltt in the shrimp 
Arteniia. In cases where the chromosomes are very small each one 
may perhaps be equivalent to only a single chromomere. 

Either before or after taking tip its position in the equatorial 




(i. ,i'i. Sperm -mother -eel I »■ of a Hnlamander dunn^ Mitoaiii In -I the 
chromoHOiiiea are Hhowii ; in U the Hpiromo throad ii split leii^thwiHO, 
and alun t>howH very clearly tho chroiiiomores of which it is made 
up. (From Woisiuaiin'H "Kvolutioii Thoorj after llermniio end 
DruDor.) 









I Jl c 



zk ijtoplui: 



plate, each chromosome xplils longitudinally into two parts 
(Fig. 31, 1)), in fact the splitting can sometimes be observed in 
tho spireme thread even before it breaks up transversely into 
cbroniosomes (Fig. 32, B). The result of this splitting is that 
the number of chromosomes is doubled ; hut the daughter chromo- 
somes very soon separate into two eqnal groups, one of which 
moves towards each centroHome(Fig.31,E). Each group contains 
one of the two halves of each parent chromosome. 

Having migrated to opposite poles of the spindle the two 
groups of daughter chronioBonies there fonn the foundations of two 
new nuclei (Fig. 31, F), The chromosomes break up into granules 
again ; a new nuclear membrane is formed, whereby a portion of 
the general cytoplasm is separated off t4) form tlie linin network 
and ground-Bubstance of the nucleus ; the asters and nuclear 
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more promi'nontly to the front. Thus Gallardo has Buggested 
that the cliromtitin Bubstance is charged witlt negiktive and the 
cylojilasinic colloide with positive electiicily, while the cenlro- 
somes are capable of acquiring a poeitive ^xitentia] higher than 
that of the general cytoplasm. Increase of this potential cauBes 
the centrOBOme to divide and the radiations which form the 
asters and spindle indicate lines of force in the cytoplasm. The 
two daughter centrosomes, inasmuch as tliey bear like charges of 
electricity, repel one another. In a similar way the chromosomes 
divide under the influence of their high negative charges and 
the two lialves of each repel one another and are at the same 
time attracted by the positive centroaomeB. The Iwo new groups 
of negatively charged ehromosonies thun attract the positive 
cytoplasm in opposite directions and thus the division of the cell 
l>ody follows upon that of the nucleus. 

Whatever may he the physical explanation <if these complex 
phenomena, we nniKt think of them nn lying at the root of all 
normal processes of growth and muliiplieation in the higher 
plants and animals. With comparatively rare exceptions, some 
of which will lie mentioned later on, every one of the innumer- 
able series of cell-divisions initiated by the fertilized ovum, 
and continued throughout life in the growth and repair of tissues, 
is accompanied by complicated processes similar to those al)Ove 
descrilied. The process of cell-multiplication, however, is 
frequently confined in adult organisms to certain regions. 
Thus, as we have already seen, in the higher animals the growth 
of the epidermis de{>ends upon cell-divisions which go on only in 
its deepest layer, the stratum Maliiighii (Fig. 18, s.ni.). Most of 
the cells in the Iwdy sooner or later lose the power of division, 
but they are then usually short-lived, as in the case of those 
cells which form the outer layers of the epidermis and which 
rapidly Income converted into more or less horny sciiles to be 
cast off on reaching the surface. 

The majority of the tissues are thus renewed throughout 
life by the mitotic activity of some unspecialized cell-group, a 
high degree of specialization in the tissue cells of the higher 
organisms I)eing always, as we have alrt^ady seiiti in l\n: case of 
red blood corpuscles and nerve cells, accompanied by the loss of 
the (xiwer of multiplication. 

The limitation of cell-multiplication to delinite circumscrilHiiI 
regions of the body is iierlia[>s l)eHt seen in the case of the higher 
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' i:.:;. ^j-rTr :"-rr Tan-n? merifiematic or actively diviJi!i: 
;-- i- r--... i;:. ::: ;ir. JiiiifferenitKwJ embrronic coiuHtion ii::: 
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: -s::. > -=-.':-:, Su:h aotivtlv dindiog merist«iu is fonmi a; 
ir -.- tLi.j r':::> ■:■', -itm? and roots, where it serrtis to brJ!:: 
;■.:: _7 -x-.h •.'.: \vi.^.a. and in the cambiain, wliieh serves, k 
!;■: ii i;;; :. . i i:-.-iv tlr'-Jimu to the wood and the bast, to brim- 

'[■.: ::ii.'70r'j 'fi.- r>r]viraiice of sach a meristematic tist^D;. 




ri... .1;!. l-ail .. 



Wlh- 


1 ^11 


litlilv 


I'i^'. 


;i;l. 


liiki'ii 


.<fll 


■;!i" 


iwiiil^ 


liiii- 


nil 


Wl.ll, 


<.f II 


il.isl^. Ill 


Ij, III 


ili 


i|i. nil 


III-..1 


,il,i 




M 


i.i>-i 


s ill 11 



;iiiliii!il Si-,ti..ii ..( tho mlivclv t5Towiii{i Hoot of* 
r,tH..„i., .-r,, /;,„„.>linwii,^'th.> Niideiof thaCella in varioii" 
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^tiiiiii-il iiiiil iin-[i!u-i'<l t'lir t'xaiiiiiiiitioii, is shonii in 
from i.lLotii;;ni|>lis of [.iirt iif a longitudinal sectimi 
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till- iis vrt lliin iiiiil iiK-oiis|iiciiiiud mid filled with 
iMii. wliilu llir t;i)jis(ii(:iiiiiis iiiick-i exhibit nil Atiigt'^ 
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II' I'l-lls ii( Diit lii^'biT iiltiiits is iisiially. though l»r 
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no meiins alwayw, characterized by the absence of recognizable 
centrosonies. The actual a{ii>eRrance of some oF the piincipal 
sttiges in the process is shown more highly magnified it: Fig. 34, 




Vuj. 'M. Six scIocUmI Btagos in the niitutio Division of tbo NiicIouh iti tho 
giuwiiig Boot of tlattoiiiu raiitiii-ant, x 11:^0. (Frum iihutof^raphtt.) 

A. Ki-HtinK nurlcUH with UrKe nuuWIiis (Xiifi.)' 
I). SiriiriiH' niAgr, witli ciiilvd cbroiimtiii tliread. 
C. Tlie_>|>in'nio thniul huH bn>k«ii u|> iiilu vhn>iii<Hi>tii<-« wliivli axii loriiiiiiK llic ai\\»- 

1). Tlw dimtiiuHnmeHluiva split liniKituiliiiKlly iuhI Ihr two graniw iil dikU(;htcr diiutiio- 
HHiK'H thiiH lormeil ure puwiiiK to (HiniHite in>1cii tit tlic Hiiiiidle. 

K. F<>nii>iti.>ii of thd ivl1-|>lat« (<-.».) u-ruw tlic .^|iiiiti>r of the nu.'li-iir siiimlle. 

F. Cotniili-tjnii nl Oh- n'll-diriwon. anil di>ii)>pi .miicc of (Iw iii.livKlunl tlirouiowiiiwH in 
tl.i' .iKUKl'lf^T niii-l..i. 

which represents a serioH of n\\ xulecte^l stages arranged in pi-oper 
Hotiuenc((, reprcKhiced fnun j)hoto-niicr(»grai)hs, 

Fig. 3-i, A represents the si>-callud rt'stiiig stage of the niicloHs, 
in which it will Im noticed that there is, in addition to 
the minnte. Hcttttered chromatin granules, a large Kpherieiil 
chromatin nucleolus or knryosonie (Suh.). li sIiowh the spireme 
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sttige, witli tlie cliroiiiatin granules collected together in a long 
spirally coiled tliread tind the nucleoluB still very conBpicuoii». 
C shows the group of chromosomes formed by transverse breaking 




Fiii, :i5. MitiB>isiii tlivi'(-;niientiiiK)''incof then<>rsc-'\Vorm(,l«i(iri» mryito- 

ryiA(i/<r), X 77». (Vtoiii photDi^rapha.) 
A. Idk-ntlvii'W •■Mill' cKiKluriiiK Ihi' first rh-nroKi'; xhcmJiiK the nuclcur Hiimaiu dp.l. 
tiK'UK, uixl Uh> sHlvrH {.la.) Iiinixil 1)^ flue ijiniuli »r iiruliiplHHiii riuliatini; ln>iu 
It. Tile Huiiiu Hluin- vww.l1 fniiii niic ]<uli', itluwinK tlw four V-k1iii|w<I <:)miinoMMiii-K (.Ar.) 

" '' l|IUtl>HK] |llulf. 
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np of thu spirunie thvciul. The kiirvosonu: liiis now disiipiienred, 
Imviiig iippiiriMitly iHtt^n iist^l up in the forniiitinn of the chroma- 
aomus. ]> shows the two groupn of iliiughter chrotiioHomes 
formed hy loti<{itiidiniil splitting of the piirent L-hniniosuineH mid 
retreating tuwiinls the two ends of the spindle, which is only 
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faintly viuible. B shows the commencement of the cell-ptate 
(r.p.) across the middle of the spindle, and F the two young 
daugliter cells each with a new nucleus in which the chromo- 
somes have again broken up into granules. 

It is only by the examination of large numbers of examples 
that all the minute details of the process can be elucidated, but 
the main features as represented in the above figures can very 
easily l)e made out. 

For comparison with the process of mitosis as seen in typical 
plants such as Galtonia, we may take the first division of the 
fertilized egg in the horse-worm, Ascaris, a classical subject from 
tlie study of which much of our knowledge of nuclear division in 
animal cells has l>eeii derived. In this case there are only four 
chromosomes, hut they are large and conspicuous, and charac- 
teristically V-Hlmped when forming the equatorial plate on the 
spindle. 

Fig. 35 is again taken from actual photographs. In this 
figure, A represents a side view of the entire egg-cell during 
the divisirm of the nucleus, with spindle (sp.), asters (a«.), 
centrosomes (one only of which, en., appears in the photograph, 
the other being out of focus), and equatorial plate (ai'ij.). B 
shows a similar stage viewed from one pole, so that the spindle 
itself does not appear, hut the four chromosomes forming the 
etguatorial plate are distinctly visible. C shows the two daughter 
cells or hlastomeres resulting from the first division of the egg, 
each with the nucleus preparing for further divisicm, and I) 
represents a later stage in which the nucleus of each daughter 
cell is again actually in pn)ce8H of division and shows the 
separate chromosomes very distinctly. 

It mnst not Iw supposed that the plienoiuena of mitosis are by 
any means crinfnie<l to the higher animals and plants ; they are 
olwervahle throughout the animal and vegetable kingdoms, in 
iniicelhilar as well as multicellular forms. The process has long 
Iieen known to take place, ft>r exani)ilu, in at any rate some 
AnKuhK, and it prolnthly occurs wherever there is a clearly 
differentiated nucleus. The Bacteria and tlieir allies, in which 
the chromatin grannies are scattered Ibrougbout the cell i)ody 
and there is no proper ditTerentiatir>ii into cytoplasm and nucleus, 
apparently form exceptions to the general rule. 

There are, however, even amongst the higher animals, sfune cases 
of cell-division which do not exhibit mitotic phenomonu, hut in 
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which the nucleus nppears simply to constrict into two or more 
partH(Fig.Slj). Thiuia known as direct or amitotic nucleitrdiviKioii. 
It is frequently met with in 
degenerating cells niid patho- 
logical tisHuee, but it is douhtfnl 
if it ever occurs (in the higlior 
orgnniBuiH at any rate) in cells 
which are destined to undergo 
long - continued multiplication. 
We may therefore regard it i»s 
a more or less abnormal procesn 
HH, nuclei. ^j(_j, ^^.)li{.l^ ^g dave no need to 

concern ourselves any further. The phenomena of mitosis, (in 
the other liand, are thoroughly normal and practically nntversal, 
and, as we shall see later on, tliey are of the deepest significance 
from the i>oint of view of the theories of heredity and variation. 



ID. 30, -Amitotic nuclear Division 
aa Keen in ColU Stom the (.'uvity 
of the I'ui'iqilivtis in Sphcnodoii, 
X 1000. 
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CHAPTEK VII 

LimitiktioD of the powors nt coU-diviiyoii — Bojuvonesceiice by conjugation 
of gui notes —The origiu of box in tho Prulistii. 

By the process of cell -division an unbrnken continuity has 
l>een estahliuhed in the chain of living things from the earliest 
appearance of unicellular organisms to the present day. Every 
cell is the descendant of pre-existing cells and, in accordance 
with the theory of evolution, all cells which exist to-day, distri- 
buted amongst the Imdies of countless millions of different 
organisms, could, if our knowledge were sufficiently complete, be 
traced hack to a ningle ancestral cell. 

It by no means follows from these considerations, however., 
that there in, under natural conditions, no Hniit to the ordinary 
process of cell-division. On the contrary it is well known that 
in any cell family, whether Iielonging to a unicellular or a multi- 
cellular organism, the i>ower of multiplication tends to liecome 
exhauste<l, and, if that particular cell family is to continue its 
existence, has to l>e in some way renewed. 

Take, for example, an ordinary ciliate or flagellate Protozoon, 
nhich nuiltiplies by simple fission. I! a ningle individual be 
isolated and placed in water containing suitable food material, 
and ke))t under suitable conditions of tenipuniture, light and so 
forth, it will multiply very rapidly, until possibly hundreds of 
generati(ms of separiite cells have l)een produced and the total 
nunil>er increased perhaps to milliouB. But under ordinary 
circumstances a tiuie presently arrives when the individuals 
iMsgin to show signs of exhaustion, accompanied by physical 
degeneration, and to slack off in their rate of multiplictition. 
They may Imi stinmlatc^ to renewed activity for a time l>y sixicial 
feeding or by constantly varying the culture medium,' but in a 

' Mr. L. I.. WiBNlriiffkw kc|.r n ciilliiri: i.f I'iinimciriun. iiri-k-r ,.l«-rvBl i>.n f»r 
nrairty l.hnvniirl n Imlf ,vuirs, tiikiii;: |in.'fiiiiliiiiii l.i pn-vi-iii I In' jHMilliilily of ivri- 

twu thiiUBUiH) iJi-iieriilicKH iif I'uromiri'iiiiii wvrv jipkUh*"! !■)' rc(ii-ii'i.--l tiwi in 
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state of nature tlie chief if not the only means by wliich the 
family can ]ie kept from speedy extinction is conjugation, the 




. :i7.- -Life Histiirv of CoiiniiiKiiLOK, (Fr<jiii UiniriLo'a " Comparative 

AuiitoniT," lifter ] loMl.) 
c-.mtraclili' vii. iiolr ; tj^li.. .ell iiliuryiu ; rtl., toll nioiilli : /i:, food raruole ; 



exhausted iii(livi(hiiilsaiiproiichin(:;(>neani)lhernn(l finally uniting 
in ])airs. In this way they appear tu lieeome rejuvenated ami 

nviTiL'v I'F iil^Hit i»»- ilivi-inii .very lifUHMi liniirs— nriil ill iIil' vu<[ -t ilic |x:riu<l die 
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their fniling powers of multiplication by cell-cHviBion are com- 
l)letely restored. 

For tbe purpose of studying this process of conjugation in its 
primitive simplicity we can hardly do better than take the minute 
flagellate form Copromonas, which is found in water frequented 
by frogs, from the excrement of which it derives its nutriment. 
Tlie adult organism (Fig. 37, A) conBists of a very minute ovoid 
mass of protoplasm with a single flagellum (tr.) springing from 
the narrow end. Alongside the base of tbe flagellum is a definite 
cell mouth (cytostome, est.) through which solid particles of food 
are taken into the interior of the body. Close to this there is 
a contractile vacuole ici:), accompanied by a "resei'voir" (R) 
into which it discharges. The nucleus {A')' is situated nearer to 
the broadly rounded hinder end of tbe body, which may also 
contain a number of food-vaeuolea (/c). 

If the food supply be abundant the individual Copromonas will 
grow and presently divide into two by simple l(mgitudinal fission, 
wliicb commences at the narrow anterior end (Fig, 37, B — D). 
The division of the nucleus is said to i)e amitotic. The two 
daughter cells separate, feed, grow and repeat the process, and in 
this way a whole swarm of monads is produced. In the course of a 
few days, however, they appear to become exliausted and conjuga- 
tion sets in, the individuals uniting in pairs (Fig. 37, 2 — 5). The 
result of each such union is a single larger individual, which may 
either undergo a period of rest within the protection of a special 
envelope or cyst (Fig. 87, 7), or at onee assume the ordinary 
form and begin to multiply with renewed activity (Fig. 37, I';. 
For the continued existence of the species it is i)robahiy necessary 
that the encysted niona<la should at some time or another be 
swallowed by frogs and passed out again in the fseces, in order 
that they may he brought in touch with tbe necessary food 
supply. 

We have here, as in tbe case of Hrematococcus described in 
ChapterIII,,aperfectly typical example of conjugation' occurring 
at longer or shorter intervals in tbe life cycle of the organism. The 
whole process consists in the union of two separate cells, known 
in this connection as gametes, to form a single cell known as the 
zygote, and it is of the utmost importance to ol)serve that uot only 
is there a union l>etween the cytoplasm of the two gametes hut 
the nuclei also unite to form a single zygote nucleus. Indeed, 
' Al«) krioivri an Byiigiiiiij- or lygiwia. 

o 2 
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fts we uhall see later on, it is the utiion o( the nuclei whicli is 
the retilly important i>art of the huainess, tor in some cases (e-p., 
Puraiuieciuiu) the union of the two cell bodies is a merely 
teiui>orary affair, a necessary preliminary to an exchange and 
subse(iueut union of nuclei. 

In such simple cases as that of Copromonas we see all the 
essential features of the sexual process which occurs so constantly 
throughout the animal and vegetable kingdoms. It is e\~ident 
that in itself conjugation is not a process of reproduction, for its 
immetliate result is to halve the total number of cells instead of 
doubting it. It has in fact exactly the opposite effect to that of 
cell-division. It is a process which appears to be necessary for 
the rejuvenescence, at longer or shorter intervals, of exhausted 
cells, whereby they are endowed with renewed powers of niulti- 
phcation by onliuary eel I -division. At the same time it forms 
the starting [Hiint of all those remarkable structural inodiScations 
of the orginiism, whether unicellular or multicellular, which 
accoin|>any the evolution of sex. 

In Copromonas and in Hiematococcus, although there is a 
true sexual process, there is apparently no sexual differentiation 
at all ; there is no distinction between male and female gametus ; 
the two conjugating cells are exactly alike, and the conjugation 
is therefore said Lo t>e isogainous. In Copromonas, moreover, the 
gametes or sexual cells are indistinguishable from the ordinary 
individuals, every individual being at least a potential gamete. 
Starting from such a case as this we find, even amongst the 
tmicelUilar plantsand animHls,every stage in the evolution of highly 
specialized male and female gametes, differing widely from tliu 
ordinary individuals and from each other. Conjugation will then 
take place Iietween two dissimilar gametes, and is said to be 
anisoganious. 

The first hint, so to si)eak, of sexual differentiation is to 
1)0 observed in the l>ehavii)ur of the conjugating gametes; it is 
a physiological rather than a structural or morphological 
Iihenonienon, and consists in the fact that one gamete is active 
while the otiier remains comparatively passive. We shall find 
tliat this distinction lies at the root of all sexual differentiation 
throughout the animal and vegetable kingdoms. The more active 
gamete is spoken of asmaleand themore passive as female. The 
jwssivity of the female is intimately associated with and probably 
to a large extent ilependent u[>on the fact that it contains more 
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cytoplasm and is therefore more heavily weighted than the male 
(gamete. This cytoplasm, moreover, iB in many cases densely 
charged with food material, which constitutes the capital with 
which the zygote, formed hy the union of the two gametes, has 
to hegin its new life cycle. 

It is quite clear that the primary distinction between the sexes 
is a simple case of division of labour accompanied by a 
corresponding structural differentiation. Two ends have to be 
secured hy the gametes. They must come together in order that 
tliey may conjugate, and therefore one or both must be capable 
of active locomotion. They must also contain between them 
suf&cicnt material, either in the form of actual protoplasm or of 
some substance that can easily be worked up into protoplasm, to 
give the new individual which results from their union a fair 
start in life. 

A cell body heavily weighted" with food material is, however, 
clearly incompatible with great activity, so one of the two gametes 
remains unencumbered and becomes specialized as the active 
partner, charged with the duty of seeking out its mate 
and bringing about their union, while the other, more or less 
burdened with the neceasary SHppliew, passively awaits the event. 
The conjugation of such differentiated gametes leads to a more 
satisfactory result than can lie attained in cases of isogamy 
like that of Copronionas, for the new individual will have a better 
chance in life owing to the greater amount of capital with which it 
commences. Such sexual differentiation of the gametes finds its 
most complete expression in the formation ot female ova and 
male spermatozoa, which are especially characteristic of the 
higher annuals (compare Fig. 69), though they also occur in 
many plants and even in some unicellular foruiH, The process 
of conjugation in such a case is often spoken of as the fertiliza- 
tion of the ovum by the spermatozoon. 

These considerations enable us to understand at once the great 
difference in size which usually distinguishes the male from the 
female gamete, whence the general terms microgametes and mega- 
gametes so often applied to them- The microgamete is as small 
as possible in onler that its activity may not lie impaired ; the 
megagamete is HW(dlen out with nutrient matei ial. 

We may ilhistrate these general principles by a brief description 
of a few more cases of eon jugati<m amongst unicellular organisms. 

13odo, or Hetenunita (Fig. ^8), is a very minute flagellate monad 



Digitized byGoOgle 



86 OUTLINES OF EVOLUTIONABy BIOLOGY 




I''lo .iS Lift Ill-ton i>f !!."lo, or t)ie &[.riri}:inf; Moimd, very hiirhlv 
iiift„'(LifiP(l (rroii. DalliTiptriiiKl Dry^ilale.) 
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I>-F. Miilliiilii'iklioii l.y IrrimvtTw. (i».;i.m Ithp iinc'li^ns iind wit l«xlv JIvide. the traili 
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which occurs in Inng-Btanding infusions of cod's head. It differs 
from Copromonaa chiefly in the possesBion of two flagella and in 
the absence of a cell mouth, all its food being taken in in a state of 
solution by diflfusion through the thin cell membrane. The two 
flagella both spring from the beak-like anterior extremity. One 
(A, a.f.) extends forwards and by its movements enables the 
organism to swim actively about, the other {A, (/.) hangs down 
and is trailed behind during active locomotion. The monad 
anchors itself by the trailing flagellum and then, by coiling and 
uncoiling the latter, executes characteristic springing movements. 
Asexual reproduction (i.e., reproduction without any sexual 
process) is effected by simple fission, which may l)e either 
longitudinal (B, C) or transverse (D — F). 

There are no structurally differentiated gametes or sexual 
cells, hut conjugation (G — J) is effected between two apparently 
similar individuals which are indistinguishable from the ordinary 
form. It isnote\vorthy,however.thatoneof the two gametes at the 
time of union is anchored, while the other swims tictively up to it, 
and thus we get a slight indication of physiological differentiation 
into active and passive, or male and female. The male gamete 
alsoariseshyasomewhat peculiar method of fission. Conjugation 
of the two gametes produces a zygote which has somewhat the 
sha))e of a triangular sac (K), The ftagella disappear and in the 
interior of the sac cell-division goes on with great rapidity, giving 
rise to an immense nunilmr of very minute sjioreH, which ultimately 
escai>e from the corners of the sac in the form of very fine duut 
(L, ip,). Each spore no douht is a minute nucleated cell, but it is 
so small that the nucleus cannot at first 1)6 made out. It grows 
by absorbing liquid food from the infusion in which it lives, and 
as it grows the uucleus Incomes ap)>arent, Hagella are put forth, 
and the adult form is gradually attained (M). We have here a 
striking illustration of the fact that the most obvious result of 
conjugation is an increase of the power of cell-division. 

As a case of complete morphological as well as physiological 
diETerentiation between male and female gametes in a unicellular 
organism we may take that of Cocridium u-hnberiji, which occurs 
as a parasite in the intestine of a centii>ede (l.Hlinhiiis fnrjicatui). 
The life history of this remarkable protozoon is very com- 
plicated and it is not necessary for our purposes to descril>e it 
in detail. The adult organisms occur iu the form of spherical 
nucleated cells, eiich actually inside one of the epithelial colls 
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wliich line the inteHtJne of the ho^t and upon which the {mrntiites 
feed (Fig. 39, A.). The latter iiicrenBie in number very nipidly 
by a kind of multiple fiHsion, and successive generaticms cit 
parnsiteH attack fresh epithelial cells of the host until the 
epithelium is more or less completely destroyed. After many 
generations have lieen produced asexually in this manner a 
sexual process sets in. Megagametes and microgametea are pro- 
duced ; the former hy growth of an ordinary individual into a 
large spherical ovum, or egg-cell (Fig. 39, B., ? flam.), the latter 
by gmwth and division of an ordinary individual into a iiuiul>er 




Vic. ao.— Co..i./r»»< ^.-buhnyi. ]iishly muKtiiHod. {Mici Stliiunlimi.) 
. A lull (.T.™ 1. C.Kc.i.liuir. lyitiK within an .-iiitlielial ™ll of the hwt. 



I'.'ll i.f hr.rtt ; ^ H'li'i., \<u\W K"liu>lf ..rniKTiiml-MHHU. ; ^ gnin., temtin guarte or ovnin. 

of very mudi smaller spcrnmtozon or sperm cells (Fig. 39, IJ., 

<i'.i<'»t.). 

Tim ovum is deusuly lilli-d with food granules and has no 
power of tocoKiotion. The speriiiato/oon chisely resembles a 
fliigellate TiiDuml, h'iiig providwi willi a pair of tlagella liy luetms 
of whicli it swims uctivi'ly alxnit ; tin; Unly, however, is long and 
slenderand consists almost entirely of II ucleiir (chromatin) material. 
It seeks oat the ovum, which exercises a peculiar atti'action ujmn 
it, and the two conjugate, the siKjnnatoKrxm Iniring its way into 
the ovum and tlit'ir nuclei fusing to form the zygote nucleus. 
The only trace of activity, apart from nuclear phenomena, wliicli 
the ovum oxhiliits is the protrusion of a small "cone of recep- 
tion " (Fig. 39, IS. r.y.) from the surface of the cell towards the 
appvoacliing spcnnatn/oon, which seems to indiciite that the 
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nttractinn is mutual. The prncens nf conjugation is followed as 
usual hy cell-division on the part of the zygote, whieli in this 
case results in the formation of a small number of comparatively 
large b pores, enclosed in tough protective envelopes. From 
these spores new individuals are produced which, under favour- 
able circumstances, commence the lite cycle afresh. It is 
extremely interesting to observe that we have here, in a 
unicellular Prot')Z'X)ii, as complete a sexual differentiation of 
the gametes as we meet witli in any of even the most highly 
orgainzed plants and animals. 

We mast now brieHy notice the sexual phenomena exhibited 
by those interesting Protista which we have already had occasion 
to refer to in Chapter IV. under the name Pliy toil age I lata. It 
will lie remembered that in Htematococcus (Fig. 5) the process of 
sim]de iission sometimes results in the production of a relatively 
large numlver (32—64) of small individuals instead of the usual four 
comparatively large ones. These small individuals are specialized 
gametes, differing from the large ones not only as regards size 
but also in the absence of the characteristic cell-wall of the latter. 
There is, however, no differentiation into male and female. 
Conjugation is of the isogamous type and produces a zygote 
which grows into an ordinary resting cell which will presently 
l)egin to multiply actively by ordinary fission. 

We have also seen that this organism forma the starting point 
of a series of forms, represented by the genera H^matococctis, 
Pandorina, Budorina and Volvox, which illustrate progressive 
stages in the process of colony formation. The same series also 
shows us very clearly the differentiation between male and female 
gametes^ — the origin of sex in the vegetable kingdom. It will be 
rememliered that Pandorina forms ciiliiuies of sixteen or thirty- 
two cells eneloseil in a common envelope (Fig. 10, A). A sexual 
multiplication is effected by each cell of the colony dividing into 
2, 4, H, and finally 16 or 32, which form a daughter colony within 
the parent, to be III>erated presently by softening of the parental 
envelope. Occasionally, however, the individmil cells of a colony 
divide each into eight gametes. These are small cells, each with 
a pair of tiagelln, which escape and swim al)out separately. Tliey 
exhibit no clear distinction into male and female, but mm& are 
comparatively large, some small, and some intermcdiuto in size. 
They conjugate in pairs (Fig. 10, H), and the two menihers of a 
conjugating pair are often, though apparently not always, of 
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different sizes. It is probable that we have here a bind of 
foreshiwlowing of that sharp ditferentiation into large (female) 




mefitiRiimntes atul Htnull (niiiliO uiitrogauHjteH of which we have 
ah'Ciailv s]Mik(!n. 

In Eiidorina, which furiiis colonies somewhat similar to those of 
I'andorimi, this differentiation in ah-ead_v fidly exincsscd (Fig. 40>. 
The iiie^'iKaiiieteK ur ovti' differ scarcely at all fruni ordinai-y 
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individuals. They are shown imbedded in the gelatinous 
matrix of the large colony on the left of the figure. The micro- 
gametes or spermatozoa,' on the other band, are much smaller, 
club-shaped bodies, having a characteristic yellowish colour and 
with a pair of flagella at the narrow, pointed end (Fig. 40, Mg). 
They are produced in bundles of sixty-four by repeated divi- 
sion of a mother cell {Fig. 40, II — VI). Thus the male and 
female gametes, spermatozoa and ova, do not occur together 
in the same colony, but the colonies, when they consist of 
gametes and not of ordinary individuals, contain only one or the 
other kind. Hence the sexual difFerentiation is in this case 
extended from tlie gametes themselves to the colonies which 
bear them, and we may recognize colonies of three kinds: (I) 
Asexual, which produce no gametes and reproduce by ordinary 
fission of all or any of the component cells, (2) male sexual, which 
produce microgametes or spermatozoa, and (3) female sexual, 
which produce megagametes or ova. The bundles or colonies of 
microgametes (Fig. 40, M|, Mj) swim about actively by means of 
their flagella, apparently in search of the larger and much less 
active female colonies (Fig. 40, I). Having found such a 
colony the now separated micrngametes (Fig. 40, Mg) Imre 
their way in, ultimately conjugating with the megagametes to 
form zygotes. 

In any one colony of Pandoriua or Eudorina the constituent 
cells are all of one kiiul, all ordinary asexual cells or all male 
gametes i>r all female gametes. In Volvox (Fig. 11) we meet with 
a further advance. Even in asexual colonies which do not produce 
gametes at all we find the cells differentiated in so far that some 
only are capable of giving rise (asexually) to daughter colonies, 
while in the female colonies only some of the cells form female 
gametes or ova (Fig. 11, A, <i). The male gametes (Fig. 11, B- D) 
are very similar to those of Eudorina. They unite with the 
female gametes to form zygotes, which, after a jieriod of rest, 
develop into new Volvox colonies. 

In order to emphasize the fact that the process of eonjugalion 
is essentially a nuclear phenomenon we may now turn to the 
case of ParanKucimu. The general appearance and structure of 
this protoztMin have lieen descrilmd in Chapter IV. (Fig. 8). It 
multiplies by simple transverse fission, and under favourable 
conditions anitinues li> do so until exhaustion sets in, when its 
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failing powers are reetored by conjugation. The conjugation in 
this case, however, ia not quite like that which takes place in 
the other unicellular organisms which we have been sti](Iyin<;, 
and the term cnnjugant may be applied, in preference to the 
term gamete, to the individualH concerned. 

It may easily be observed that the union of the two con- 
jugants (Fig. 41) is a merely temporary affair. They remain 
attached together by their mouth -bearing surfaces for a short 




un of llie niicnmucleuH nhich d 
:tjg., ij'gote nudonit. (For furtlit-i 



time and then Hepnrate again and continue their independent 
liveH. liefore Ki^parating, however, they evidently undergo some 
kind "f rejuvenescence whereby their vigour and power of uiulti- 
plii'iitii>n are completely restored. This is accounted for by the 
fact that during the time of their union cert^iin complex nuclear 
pniceHHCH talie jiliice, the net result of which is an exchange of 
chromatin material l>etweeii the two conjiignnts. 

it wilt Im rememliGred that ParaniiGcium differs from most 
l'n)tozna in the posHeHsioii of two nuclei, large and small, or 
iiiegaiiucltius and niicrfinucleus (Fig. 41, A, tm-if. and mir.). The 
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latter in ftloiie coDcerned in the proeesa of ouijuRiition, the 
iiieganucleua in the meantime breaking up and being abworljed 
into the cytoplasm, to he replaced in the manner described later 
on. We may confine our attention, therefore, to the behaviour 
ot the micronueleus. In each conjugant this divides niitotically 
into two daughter nuclei (Fig. 41, B, viic.' and p.b.) each of whicli 
again divides, so that there are now four mieronuclei (Fig. 41, C). 
Of these four three ( jj.?J|) go to the Imd, being apparently absorlKd 
into the cytoplasm, while the remaining one (mIc") divides once 
more, so that each conjugant has now again two mieronuclei 
(Fig. 41, D). These two, though similar in appmirance, differ 
strikingly in their l)ehaviour, one of them remaining quiescent 
while the other passes over into the Imdy ot the other conjugant. 
They are therefore known respectively as the stationary («/.) and 
the migratory (i/it'i/.) mieronuclei. In this way the migratory 
mieronuclei of the two conjugants change places with one aiiother, 
as indicated by the arrows, and the sole object of the tem]>orary 
union of the two conjugants appears to be to enable this inter- 
change to take place. When it has been effected a true conjuga- 
tion occurs between the two mieronuclei in each cell (Fig. 41, E, 
gam.), derived one from each conjugant. This is the real sexual 
process. The migratory and stationary nuclei are ganiotic nuclei 
and the result of their union is a zygote nucleus (Fig. 41, F,z)/ff.). 
Moreover, we have here again an evident distinction into 
male and female gametic nuclei, characterizeil in the usual 
way by the activity of the one and the passivity of the other. 
The two conjugants themselves, however, cannot be distin- 
guished as male and female, tor each produces both male 
and female gametic nuclei and may therefore Ite regarde<l as 
hermaphrodite. 

After the interchange ot gametic nuclei has taken place the two 
conjugants separate as ex-cotij uganta (Fig. 41, F). The zygote 
nucleus in each divides repejitedly by mitosis and from the 
daughter nuclei thus produced l)oth mieronuclei and meganuclei 
are formed. Presently the ex-conj uganta themselves l)egin 
to divide once more by fission and the new mieronuclei 
and meganuclei are distributed amongst the new individuals 
(Fig. 41, G). 

The essential feature ot this very cnm|iliuate<l process is clearly 
the same as in the simpler cases which we have examined, and 
consists in the union of two nuclei lielonging to dilTerent cuIIh to 
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ffiriu rt siiinle zygote nucleus which has renewed [KiHers of 
niultiplioitioii bvdivision. As already observed, the mi<:ronnclen» 
ftlnne takes part in the pi-oeeas, the nteganucleus teiiifi; nierely 
concerned iu the life of the individual and its asesual uiultijilication 
by simple fission. 
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CHAPTER VIII 



Soxtml phcnomenn in multicellular plants— The distiiicticm between somatic 
ocll^ and germ coll^- -Alternation of sexual nnd asexual generations — 
Suppression of the f-ametephyte in floworiuft plants. 

When we consider the habit of w h 

common (iinongBt the Protophyta, h 

in the cases of Pandorinii, Eiul 
Volvox, we see at once that it is iiii >o 
draw any strictly logical diHtinctio le ee 
such primitive [(irms and the tr 
cellular plants or Metaphyta. Th 
treeh water alga, Spirogyra, foi 
might be regarded either as a colcm g 

eeilH or as a very simple nmltiuel 
in which the constituent cells ex 
or no differentiation aniongHt t 
In any ease it forms a very conven ti 

ing point for the considernti^m of 
phenomena met witli in Metai)hyt )e g 
this respect actually in a niucli mor 
condition than either Eiidorina or 

The fully developed Spirogyra j 
sifit of long green filaments of k 

dimensions, which float in lo m 

masses in clear fresh water. Eac h 
conBiHta of a single row of cylint 
placed end to end, eacli cell Ixiing e 
a tbin, tranuparent wall of celliilo.s I< g 2 
<:u'.), whereby its protoplasmic co 
completely separated from those i 
cells. The cytopliiHUi tonuM a tbin 
utricle(;>.if.),lining the cell-wall an g 

a large vacuole (riu.) tilled with 
which a more or less central mut 
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iiuclmiM (nil.), is suflpended by uleuder nidiatiiig protoplasmic 
threiulK (hIi:). So far, both iu structure and arrangeiiieut of it!i 
coniiHtnent eella, the plant closely resembles a single Imir <)f 
TrudeKcantia (comjuire Fig. 25). It differs, however, in the 
presence in each cell of one or more 

I~ 4 , conspicuous chloroplastids or chronia- 
tophores (cr.), coloured bright green 
by chlorophyll and wound spirally 
round and round inside the cell-wall. 
' like pieces of ribbon. It in from 
these charncteristic structuren tliiU 
\ the name Spirogyra is derived. 

The filaments increase in length by 
"/*^ transverse fission of the cnmiwnent 
/ cells. Every cell, however, or to sjieiik 

more accurately its protoplasmic con- 
tents, must also be looked uixin ns 
a potential gamete. Conjugation in 
some species takes place Iietween the 
cells of two filaments whicli are lying 
side by side, parallel with one another 
(Figs. 43, 44). In others it Uikes place 
l>etween adjacent cells of the Haine 
filament, hut we may confine our 
attention to the former case. The 
first indication of the process is seen 
in the formation of a small, hollow pro- 
tiilxinince on the wall of one of n |>air 
of cells which hapjien to be more or 
r'1,1. 1,1. r..iijiiniiti.-ri i[i lcss(ippositetoeachother(Fig.44,fl.l. 
S]n^.lL.-vln,^■^ll.will«illl'Hl• 'I'liiw is sliortly followed by the fornm- 
V!"r'v,'i!irlT Imv.^ fliiinl '•'""1 "' " Himilar protulwrance on 
ir,'ti,.ii.>,.i'iid in ih.'.'.tlii-r the wall of the other cell (?i.). The 
Zjk-t'" I'Vk'.l. > **■-■ two pnitulHnauces meet (<■.) and fuse 
^ '""" ' ' *'"''"*^ together, and the cell-walls at the 
pi>int nf imioii are dissolvf*! away (r/.). Thus a hollow canal is 
foniifd iilining the nivities of the two coiijiigiiting cells in free 
eoTiiinmiifati"ii with one another. In the meantime changes 
lire giiing on ill the protoplasmic contents of the conjugating 
eell^, essentially Himilar in the two nieinl>ei-8 of each pair hut 
with one tell still taking the lead and the other lagging somewhat 
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beliind. Tlie chloroplastid breaks up ; the primordial utricle 

retreats from the cell-wall towards the middle, and the entire 

protoplasmic contents round themselves oflF into a compact 

nucleated mass — the gamete (i/am.). The time has now arrived 

[or the all-important event ; the gamete from one cell-chamber 

creeps through the canal into the other chamber and conjugates 

with the gamete which there awaits 

it (Fig. 44, <■.). The result is a 

zygote or zygospore (Figs. 43, 44, 

^!/:h) wliich surrounds itself with a 

thick protective envelope within 

the cell -wall of the parent and 

after a period of rest germinates, 

giving rise hy repeated transverse 

division to a new filament. 

In this case it will be ol>served 
that the two conjugating gametes 
are morphologically alike, and we 
may therefore descril>e the process 
of conjugation as isoganious. As in 
the case of Bodo, however, there is 
a physiological distinction l>etweeii 
the two as regards their activity ; 
the gamete which takes the lead 
throughout the whole process and 
finally crawls through the canal of 
communication is obviously to lie 
regarded as male, and its partner 
as female. Moreover, one entire 
filament niiiy produce nothing but 
male gametes and may therefore 
be regarded as a male plant (Fig. 
44, 3 ), while the other may produce 

only female gametes and therefore he regarded (w a feiniLle plant 
(Fig. 44, ? ). In the closely related t{>nii, Zygogoniuni, there is 
no distinction of any kind between the two sexes, lioth gametes 
exhibit the same degree of activity and tliey meet each other half- 
way, in the connecting canal iMjtween their ntspoctivo chamliers, 
to form the zygote. 

In Si>irogyra, as we have jut>t seen, every cell of the adult plant 
18 a potential gamt te or germ cell ; in the case of Volvox, it will 




coiijufjHliuri ; J gam., 
S.C, Military cell ; 
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lie reui^iiiltered. this is not bo, certain cells only being concerne<l 
in the sesufti process. We have here a kind of fore-ahadowinR of 
that distinction into somatic or body cells and sexual or genu 
cells which is so characteristic of the higher organisms, both 
plants and animals. We see a somewhat similar tore-shadowing 




Dotaiiy.') 



cvi'ii ill till' iiiiifi'lluliir rununciriiiiii, except that the distinctinn 
is liiTc fimtiiu'il to ilu- nuclei, tlm nit'^'aiiiu-leus l>eing concemetl 
with llu' lifn iif till' idiliviiliiiil and Ihc. asiixiiul process of ordinary 
ci'll-divisi.iii. wliil.. Ill,, inii-nimiciciis is uIi.ik. c(.ii(;erne<l in the 
sexual |)lieii(iiii('iia. We mu. in tliiw case, (listiiignish lietween 
Hoinatic niicleuH and gtirui niick'us, llioiigli not Ixttween soiuntit; 
and g«;rui cells. 
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The loss of the power to act as germ cells or gametes whicli 
the vast majority ot the constituent cells in a typical multicellular 
organism usually suEfer is undoubtedly one of the penalties 
which they have to pay for their high degree of speciali- 
zation. The germ (.ells themselves on the other hand always 
remain in a more primitive less specialized condition, and 
may, in fact be regarded as so many unicellular Protista 
enclosed within the muUicellular body They resemble the 
free-living Protozoa aud Protophyta also in that they e\hibit a 
certain degree of independence and are in the majority ot cases 
actually set free from the patent body as unicellular individuals ; 




Fio. 4G. — FiifM itiirnlmiit ; Mettiun through & fcmiilc foiicoptflclc, x 5(1. 
(From Vires' " Uotany," after Thurct.) 

Bhort-Ii%'ed, it is true, niileus they happen to meet one another 
and conjugate, but nevertheless enjoying that liberty which is 
only jKtssible to indeiiendent organisms. 

All this is very beautifully illustrated in the case of the common 
brown seaweed or hla<lder-wrack, Fiinm rrxinilnsim (Fig. 45), 
The entire plant consists of flattened brandies, copiously 
suUlivided and attached by a root, nsually to some rock l>etweeii 
tide-niiirkH. Here and there the hraiicbes mo swollen out to ftirin 
iiir-bliMMurs (h), which servo as orRiuis of Hotation. The 
histological structure of the plant is coinpanitively simple and 
need not detain us ; we are concerned only with its repnidiictive 
prucesHee. 

Faaia vfaiculosiiH is diutcious or unisexual, tliure being distinct 

II -i 
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male and female plants. In both cases certain branches {/), 
usually described as fertile, are characterized by the presence of 
numeroua minute spherical pita, opening on to the surface by narrow 
mouths. These pits or cnnueptaeles, one of which is represente<l 
in vertical section in Fig. 4R, contain the sesnal organs, male 
antheridia or female oogonia, as the case may be, intermingled 
with hair-like structures known as paraphyses. The antheridia 
(Fig. 47, rt) are attached to the branching parapliyses in the male 




ccinceptacIeK in the form of small such in which the male ^ 
(siierniatiJZDa) are produced. These are minute, nucleate, i)ear- 
Khaped cells, each with two flagella ; they are produced in large 
nuuiliers in each antheridiuni iind set free by rupture of the wall 
of the latter to nmko their way out of the opening of the 
conceptiiL'le by their own activity. 

The ooi-iuiiii arc oval sacs, a Rood deal larger than the antheridiii, 
an<l occur lujiougst tlu! hiiir-Iikc paraiihyscs iu the female coii- 
ceptacles (Fig. HI), In each oofjonium (Fig. 47,'') eight female 
gametes (egg cells, ova or oosiiheres) are formed by eel I-di vision. 
These are spherical, nucleated cells, very much larger than the 
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Hiiennfttozoft, owing to tho great amount of cytoplasm which they 
cdntiiin. They are liberated by rupture ot the oogntiiuoi and 
tliseliarged through the opening o£ tlie coiiceptacle on to the 
surface of the plant. There they are found by the spermatozoa, 
which swarm around thera in large numbers, endeavouring to 
conjugate (Fig. 47, <■)• Finally a single spermatozoon succeeds 
in boring its way into each large egg cell, and fertilization is 
effected by the union of the male and female nuclei. The zygote, 
well supplied with food material by the egg cell, Ijegins to undergo 
cell-division immediately, forming a multicellular embryo 
(Fig. 47, '') which attaches itself by roots and grows into a plant 
resembling the parents. 

Here we have a perfectly typical case of differentiation of the 
gametes or germ cells into large passive female ova and small 
active male uperraatozoa, and conjugation is anisngamous, the 
ovum lieing " fertilized " by the spermatozoon. 

In the ferns, mosses and other more highly organized plants 
a new complication is introduced by the fact that two distinct 
forme ot the plant alternate with one another in the life cycle. 
Iniineonlyotthese forms, known accordingly as the gametophyte, 
does a sexual process occur ; the other, known as the eporophyte, 
reproduces by means of unicellular spores, which are produced 
nsexually and develop into new individuals without any process 
of ccmjugation. The gametes or germ cells, borne on the gameto- 
phyte, on the other hand, conjugate, and tlie zygote develops, 
not into another gametophyte but into a aporophyte, while, 
conversely, tlie spores produced by the sporophyte develop into 
gametophytea. 

This alternation of sexual and asexual generatioDs is a 
phenomenon of very wide-spread occurrence iu the vegetable 
kingdom, and, as we shall see in our next chapter, something of 
the same kind occurs also in certain multicellular animals. 

Take, tor example, any ordinary fern. The conspicuous plant 
(Fig. 48) is the 8j>oropliyte. It is very highly organized and shows 
the typical differentiation into root, stem and leaf met with in all 
the higher groups of the vegetable kingdom. 8ome or all of the 
leaves atunier or later produce on their lower surfaces sjmrangia 
(Fig. 48, A, C), little stic-shaj>e<l structures in which the siMires 
arise by divisiim of mother cells into tours. These siH)res are 
lilmratud, hy rnptnro ot tho si>orangia, in the form of fine brown 
dust, which nniy be carried to amsiderable distances by tlie wind. 
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If one of them iilights on a suitable spot in a mo at a 1 si ady 
situation, it may germinate (Fig. 49) Its tl ick outer wUl rup 
tures and a delicate tube is _^ 



^lii:^ 



Tic 4<i 



mot a oungP othal us 
(pill.) formed by Oermination of a 
i'ern Spore. 



hair-like rhizoids. It develops i 



put forth, containing the pro- 
toplasm and nucleus. Cell- 
division takes placeand results 
presently in the formation of 
the gametophyte. 

The gametophyte of the 
fern (Fig. 50) is known as n 
prothalluB. It is an indepen- 
dent, self-supporting plant, _^ ^ 
but much less highly orga- 
nized than the sjKirophyte, consisting usually of a green, heart- 
shaped plate of cells, not more than i>erhap8 a quarter of an 
inch in diameter, and attached to the substratum by delicate 
) vascular system but never- 
tlieless obtains its food 
in the same way as the 
sporophyte, aleorbing- 
water conttiining dis- 
solved mineral salts 
from the soil by means 
of its rhizoids, and 
splitting up carbon 
dioxide, obtained from 
the air, by aid of its 
chlorophyll. Such pro- 
thalli are frequently 
to l>e found attached to 
the surfaces of flower- 
pots anil walls in damp 
greenhouses and other 
places where ferns are 
grown. 

The sexual organs, 
male antlteridia (Fig. 
50, (in) and female archegonia (Fig. 60, ar), ar«, like the rhizoids, 
found on the lower surface f>f the prothallus, Imth usually occurring 
on one and the same plant, which is therefore monwcious or 
hermaphrodite. The antheridia(Fig. 51, (O^^e essentially similar 




It!. .'lO. -The Qamotophylo Oeiionitioii o 
thalluH r>[ a Fern, Agpi'limn Jilix mat 
(From Sirasburger.) 

lower Hnriace ol iKeiiullf maturt'iimtliallus. Hliowing 
nnlhoridiii (o"). arGhiiKuiiik ('C), utiil rbiniidB (r/i). 

, Bii nlier |irutluUliu with lliu yuung Hjioropbyte genera- 
tiuii or lem pluit (A, u) attacbed to il. 
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to those of FiiGUs, being tiollow bocb iu which the niiile gametes 
are develojied. The latter (Fig. 51, «.) are active Bpermatozoa, 
each having a spirally coiled body, 
consisting chietly of chromatin 
material, and bearing a bunch of 
cilia at one end, by the vibration of 
which the gamete switns actively 
about in any dew or other moisture 
which may be deposited on the 
prothalluB. 

The archegonia (Fig. 52) differ 
considerably from the oogouia of 
Fucus, having a characteristic 
structure which is more or less 
accurately repeated in the corre- 
sponding organs of all the higher 
plants. Each consists of a hollow 
swollen venter, sunk in the tissue 
of the prothallus, and a long neck 
which projects from the surface, 
and the wall of which is composed 
of four rows of cells. The venter 
ovum or oosphere (Figs, 52, A, o. 




Fi(i.51.--Antheridiuia(}fal''erD, 
diechargiii^ Sperm ntowKi 
(Anthorozoids) from its 
opening. hif;hlj- masiiifiod. 
(From Vines' " Botany.") 



contains a single relatively I 



and 52, B), above which an axial row of eanal cells (A'', A'") 




Yu\. 52. -Archogoiiiii iit tt Fom, J'olt/jHuliiii 
Wtmsburper.) 

A, youiiK,>'li>>u'mKOvuml<i| hii.1 ratial t-vll-tA'^X"),!!!!. 

B, iiiHturv, witli the viicl cif the niik oiun. 



n<l.j.,re, X 240. (Prom 
th the uikI i.t th€ nock clorcd. 



extends into the neck. When the ovum is ready for fertilization 
the canal cells degenerate into mucilage and tlie cells nl tlie end 
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of the neck separate ao as to form an f)peniiig (Fig. 52, B). The 
HimnuatozoA appear to be attracted to the opening by an acid 
secretion dinchiirged therefrom. One of them makes its way 
down the neck to the ovum and fertilizes it by the usual process 
of conjugation. 

The zygote begins to develop, by cell-division, within the 
venter of the arc)iegonium,and forms a young sporophyte, which 
for some time remains attuched to the prothallus as shown in 
Fig. 50, B, drawing nutriment therefrom by means of a special 
temporary organ known as the foot. Presently, root, stem and 
leaf are developed and the sporophyte becomes self-supporting. 

One very remarkable fact in connection with the sexual 
process in the fern remains to l>e noticed. The gametes, as we 
have seen, are normally produced in 8j)eeial sexual organs and 
are themselves perhaps as highly differentiated in relation to 
the function of conjugation as gametes ever are. It has been 
found, however, that if the normal sexual union between ova 
and B{>erniato;ioa lie prevented a conjugation may take place 
Iwtween nuclei from adjacent vegetative cells of the prothallus, 
resulting in the formation of an embryo spurophyte by Ho-called 
apogamy. In these cases it is obvious that the sexual process 
is not really suppressed, but simply transferred to ordinary 
prothallial cells, which, though they do not conjugate under 
normal circumBtances, have retained the iH>wer nt so doing when 
occasion arises. It seems probable, however, that in some cases 
true apogamy, or auppressiou of the sexual process, occurs, the 
embryo sporophyte arising from the prothallus without any 
conjugation of gametes. 

The gametophytfi or prothallus of an ordinary fern is, as we 
have already seen, produced by the development of a unicellular 
spore (Fig, 49), and in most cases is monfecious or hermaphro- 
dite, liearing both male and female sexual organs and male and 
female gametes. In the less commonly known and not very 
fern-like " heterosporous " forms, however (Isoetes, Salvinia and 
Marsilea), the gametophyte is diu-cious or unisexual, there l>eing 
distinct male and female protlmlli, and this sexual differentia- 
tion affects not only the prothalli themselves but the spores from 
which these are developed. Hence in these forms we find small 
micn)siK>ros which produce male prothalli, and large megasjKires 
which produce female prothalli. The sjKires themselves are set 
free from the parent BtK)ro{)hytt!, but the prothalli are very much 
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reduced in size and never become free from the sixires ; they 
nevei'the]eHS develop antheridia and archegonia respectively, 
in which spermatozoa and ova are produced, and from the 
conjugation of these arise zygotes or fertilized ova wliicli 
develop into new sporophytes. 

We have briefly noticed these heterosporoua ferns l>ecause, 
AS regards the sexual phenomena which they exhibit, they 
constitute a very interesting connecting link between the ordinary 
(homosporous) ferns, which produce only one kind of spore, and the 
highest members of the vegetable series, the flowering plants. 

In tlie flowering plants an alternation of sexual and asexual 
generations can still be traced, but here the gametopliyte ia m 
nmch reduced in size and has become so degenerate in structure 
that it is quite inconspicuous, and can only be detecte<I by niicro- 
seopictvl examination and recognized as constituting a distinct 
generation in the light of our knowledge of lower forms. 

The lowering plant itself is the sporophyte, and it is Iietero- 
sporous, prmlucing microspores and megaspores. The pollen 
grains are the microsiKires, while the megaspores are represented 
by the embryo sacs enclosed within the ovules or unripe 
seeds. The microspores, like the spores of ferns, are set free 
from the parent sporophyte, the megas{>ores, however, are never 
set free as such, and in neither case does the gametophyte become 
free from the s]K>ro. 

Tlic turuiH pollen grain and embryo sac were applied to 
the structures in question long before their true nature as 
microspores and niegasjiores was recognized, and they have 
become so firmly established that it is hardly possible to avoid 
using them. 

If we examine any typical, fully developed flower, such as is 
represented diagrannnatieally in Fig. 59, we shall find that it 
conHiHts of four whorls or circlets of specially modified leaves. 
Beginning at the outside we find first the calyx (Ke), composed 
of a numlMir of sepals, which usually, but by no means always, 
retain the gruen colour characteristic of leaves and serve mainly for 
the i>rotection of the inner parts of the fiower while in the bud ; 
then the corolla (/v), com^Hised of petals, which may be brightly- 
coloured und serve to attract insects ; then the andrcecimu, 
c<nnpi)sed of stamens (n,/); and lastly, in the centre of the 
flower, the gynu^cium or pistil (h, g, F), coni|)ose<l of carpels. 
The stamens and carpels are often sx)()ken of as the essentia) 
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parts of the flower. They aro really to be regarded as spore- 
bearing leaves or sporophylls. 

Each stamen consists usually of a long stalk or filament (/), 
bearing an anther (a) at its extremity. The anther is a bilobed 
structure, and each lobe contains two chatuIierB, or pollen sacs, 
in which the pollen grains (p) are formed by the division of 
mother cells into fours, just as the spores of an ordinary fern 
are developed within the spo- 
rangia. The pollen sacs are, in 
fact, nothing but sporangia— 
and microsporangia, l)ecause they 
contain microspores. 

The pistil is formed of a vary- 
ing number of carpels, which, 
either singly or united, give rise 
to a closed chamber Iwlow, the 

so-called ovary' (l-\ surmounted s.v,'^ \-o ^/ //// 

by a longer or shorter style (jf), xK-^t^ C'yyl& 

ending above in a rounded viscid 
surface, the stigma (ii). fn the 
interior of the ovary, attached 

to the carpels, are developed the fki. .w.- liiugium of n typicnl 
ovules (.V), which are nothing Flower in 

but sporangia (megasimrangia) ^ anli J°" ,„ '"f^ 
enclosed each in a double enve- ' /, fiiiimeiit oi 
lope ()■). In each ovule a single nvoU; i', mr 

embryo sac or megaspore (<■»«) Ju^^'i/oVuk" 

is produced. Only one ovule 
is representetl in the diagram, hut there are usually a large 
nunilier in each ovary. 

Having thus briefly descril)ed the parts of the spor()phyte 
with which we are immediately concerned, we must turn our 
attention for a few moments to the gametophyte. The male 
gametophyte, which never consists of more than a very small 
numl>er of cells, is developed from the pollen grain or microspore. 
This latter is at first a perfectly typical unicellular spore, 
with a single nucleus surrounded by cytoplasm, and the whole 
enclosed in a thick protective cell-wall often ornamented with 
microscopic sculpture of various patterns. The commencement 
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of geruiiiiatioQ of this apore in typieti) cases (Fig. 54) is 
iimrkod liy ihe division of the nucleus into two. Around one of 
these two cytoplusm collects to form a naked " antheridiul cell " 
(hi) ; the other, with the remainder of the cytoplasm, constitutes 
the "vegetative cell " {A), which may or may not divide again. 
The aiithei'idial cell divides into two " generative cells." The 
vegetative cell, or cells, represents the last vestige of the 
iKKly of the male prothatlue ; the generative cells are male gametes. 
The germination of the pollen grain and development of the 
male prothallus are completed l>y 
the putting forth of the jMillen tul>e 
(Fig. 53, ps. Fig. 54), which takes 
place if the pollen grain is fortunate 
enough to alight upon the stigma of 
a tlower of the right kind. The 
pollen tube forces its way through 
the loose tissue of the style to the 
ovary and comes into intimate rela- 
tions with one of the ovules conbiinetl 
therein. 

The female gametophyte is repre- 
sented hy a few cells formed by 
t'.i lit tho '1'^'''*'**" "f *he megaspore (embr»-o 
(it l.iliiiin sac), or rather of its nucleus, and t« 
7.i. {Fnim gonie extent of its cytoplasm, within 
" ^'^ the ovule. The process is a snnie- 
■utiv.. ..11 r.t what complicated one, but, withont 
"' i'l!.''f..ri'H."i K"'"S *"*" details, we may note that 
u .im-i..ii ..fill.- iimii.Ti.ii«i at the time when the o\Tile is ready 
"'" for " fertilization " the embryo sac in a 

(yiiical lli>W('nii(; plant (Angiospenii) contains seven cells, one of 
wliicli iH 11 fi'iimlc gainct)^ (ovum or oosphere), while the others 
nmv l«^ tnkcu tn n>|ircst'nl. Hit' fi;iimlo prothallus, including a 
vestige "f un iirclicgimiuiii. The tirrangement of these cella is 
shown ill Vi}i. .'>.'> {ul. <; I;, x). 

Till' I'lLihryi) sac or megaspore (K) is surrounded by a cellular 
layer liimwn as thenuceUiiHtFig. ."Jri. A'), which represents the wall 
of till- sporiingiiiiii. and this in turn by Iwoothcr coats (ai and ii), 
i\\v outer mid linier integuments of the ovule, which grow up 
aniiiiiil the niinillus. The entire ovule is attacheil to the wall 
of the "Viiiy hy a stalk or funiculus (/). ujitm which it is 
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fro(]iientIy bent sharply round as shown in Fig. 55. Opimsite 
to Lhe spot where the funicuhis is attached to the ovule an 
aperture is left in the integuments known as the micropyle {m). 
It is through this micropyle that the tip of the pollen tuhe 
usually forces its way in search of the female gamete ('■). which 
lies at the end of the embryo sac close to it. The wall of the 
pollen tube and that of the embryo sac are absorbed where 
they come in contact with one j,' « « 

another, and thus a passage is 
opened for the male gamete, 
which passes down the pollen 
tube into the embryo sac and 
there conjugates with the ovum. 
The zygote thus formed develops 
within the embryo sac into an 
embryo sporophyte^; the integu- 
ments of the ovule become har- 
dened to form the seed coat; 
reserve food material, such as 
starch or oil, is stored up 
either in the embryo itself or 
in the endosperm^ around it, and 
the ovule and its contents 
separate from the parent sj>oro- 
phyte as the r'nm seed (Fig. 
56, A). 

When the seed rijiens the 
development of the contained 
enibrj'o is suspended for an 
indeliuite t^riod, to l)e resumed 
again if and when the seed linds 
a suitable situation in which to germinate. The embryo may then 
continue its development into the adult sporophyte (Fig. 56, ]}). 

It is interesting to notice that no less than three distinct 
generations take part in the fonnatiou of the seed. The Kee<l 
coat lielongH to the parent sporophyte, while the conteiits of the 

' liili-itp. \t .)iilFi^. It). 
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emhryn sac at first represent the female gametophyte, which dis- 
iippeiirs as the zygote develops into the embryo of another 
sporophyte. In this way a very intimate relation is established 
between each sporophyte generation and the one which precedes 
it, and the gametophyte is cruHhed out of emtence, as an inde- 
pendent generation, between the two. 

Accompanying this almost total suppression of the gametophyte 
we find a delegation of certain responsibilities connected with the 
sexHul function to the asexual sporophyte, and the development 
by the latter of what may be termed vicarious sexual characters. 
These characters find 
their expression in that 
most remarkable feature 
of all the flowering 
plants, the flower itself. 
Thus the use of the 
terms male and female 
may be extended in the 
** first instance to the sta- 
mens and pistil, though 
tliese are really merely 
the spore-bearing leaves 
of the asexual genera- 
tion. Himilarly the 
transference of the jkiI- 
len grains from stiimens 
,t„r to stigma is often spoken 
r«i'.'^.r's.".;i';;.Ii""'"' "'' ""' "' *■"""'"' "'■'■■ "t lis the fertilization of 
the flower, though it is 
(ibvioiiKly not the true process of fertilization but only a necessary 
preliiiiiiiiin' to tliu conjugation of the gametes, and is therefore 
mom accurately spolvon of as pollination. 

It will have biiim observed from tlio foregoing description that 
not only is tins mule ganietoiiliyte of tlie flriwering plant reduced 
alnioHl to the point of ilisappeanince, but the male gamete itself 
has apimnuilly sulTcrwi grejit degeneration. It is no longer an 
uutivc spermatozoon, swhiiniing about liy uiwins of flagella or 
ciliii, lis in Kudorina or in tiio fernH, hut a KliapdeHs nucleated 
mass of pn)tuplasni which has at the most a sort of ama'hoid 
powur of locomotion. By far the greater part of the travelling 
which it has to accomplish in order to reach the ovum is 
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effected while it is still enclosed within tlie pollen grain and at 
the expense of some external agency, for it is not until the pollen 
grain liaa alighted upon the stigma and the pollen tuhe is put 
forth that the "generative cell" begins to exercise its own feeble 
powers of locomotion. 

The transference of the pollen to the stigma is effected usually 
in one of two ways, either by the action of the wind or by the 
agency of insects. Flowers which are pollinated in the first of 
these two ways are said to be aneniophilous, and they are usually 
small and inconspicuous, as in the grasses and plantains, and many 
forest trees. It is a very extravagant method of pollination, 
involving the production of enoniious quantities of pollen, most 
of which is wasted, for only a very minute percentage of the 
pollen grains will ever chance to alight upon stigmas. We 
realize this when we see the enormous quantities of yellow 
pollen dust which are blown off the pine trees in spring time. 
The entomophilous or insect-pollinated flowers, on the other hand, 
have hit ujHtn a much more economical way of doing the 
business. The development of nectar or honey as a bait for 
their insect visitors, and of gaily coloured petals or sepals and 
sweet scents as a means of attracting them, and in many cases 
of elaborate mechanical contrivances to secure that the insect 
shall not obtain its reward without doing the work of pollination, 
all co-operate in bringing about the desired end, and the study 
of these various adaptations forms one of the most interesting 
chitpters in biological science. We shall refer to it again when 
we come to deal with adaptation and natural selection. 

In many cases n complete sexual differentitition is mnnifested 
by the entire flowers themselves, some having stamens without 
cjirpels and others carpels without stainens, and being spoken of 
as " male " or "female" flowers acconlinf^ly. We see this, tor 
example, in the case of the vegetable marrow, where Iwth kinds 
of flower are Iwrne on tlie same plant, while in olher cases, such 
as the weeping willow and the Japanese Aucuba, the whole plant 
may l>e either " male " or " female," producing flowers of the one 
kinil only. Thus the tenuinology wiiich strictly speaking is 
applicable only to the sexual ganictoi>hyte, has, as a matter of 
ci>Dveiiieuce, Iwcn extended to the asexual spcnoidiyte in order to 
describe the secondary sexual characters which have i>een trans- 
ferred to it ill consequence of the suiipressioii of the former. 

The telescoping of successive generations one within the other 
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— the embryo aporopliyte into the ovule of the preceding spon)- 
pliyte generation, with the gametophyte crushed in between— 
is the most characteristic feature of the life cycle of the higher 
plants. 

From the homosporous ferns upwards throughout the vegetalile 
series it is obvioua that the gametophyte is not nearly so wtll 
a<laptti<l in its organization to the conditions under which Die 
higher plants have to live as is the sporophyte. There has 
apparently been a kind of rivalry between the two alternating 
generations, in which the gametophyte has had much tlie worst 
of it. The sexual function itself, however, ia far too important 
to bo altogether ahandoned, and so the successful sporophyte has 
finally taken over many of the responsibilities connected there- 
with, while the poverty-stricken gametophyte lias ultimately 
become entirely parasitic ui)on its rival. 
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^ximl phonomona in multicellular animals — Structure and life history of 
Hydra and Obelia— Alternation of generation s^The coilomata type of 
Htructu re —Secondary sexual characters ^The evolution of sex. 

In intilticellular animnla or Metazoa, as in multicellular plants, 
& slifirp (1i»tinctioii can usually be drawn between the somatic cells 
wbich build up the various tissues and are concerned with the 
life of the individual, and the germ cells or giimetes which are 
concerned with the propagation of the race and which alone (in 
most coses) have the power of separating from the parent soma 
or body and giving rise to new individuals. 

In nearly all the Metazoa the gametes are se?iiially differen- 
tiated into relatively large, passive ova and much more minute, 
active spermatozoa which swim about l)y means of Hagella. 
The actual gametes arise by sulxlivision of undifferentiated 
primordial germ cells. In the sponges, whose organiy.ation has 
not advanced very much beyond that of complex colonies of 
Protozoa, the primordial germ cells are merely wandering 
amu'boid cells, resembling the white blood corpuscles of verte- 
brates. Some of these round themselvets off and give rise to 
more or lesM spherical ova, others divide into spermatozoa, and 
proltably the entire sponge itself is in most cases either male or 
female, produchig one kind of gamete only. In the Hi>oiige the 
germ cells are not localized in definite organs but scattered 
singly or in groups throughout the gelatinous ground -Hul>stance 
of which the body is largely comi>osed. 

In the great majority of Metazoa, on the other hand, the 
germ celk are segregated in well-defined organs termed gonads. 
As a rule each gonad produces only ova, when it is known as an 
ovary ; or spermatozoa, when it is known as a sperniary or testis ; 
only occasionally does it produce both, as in the case of the ovo- 
testis of the snail. The gonads may accordingly l>e 8[)oken of as 
female, male, or hermajdirodite as the case may l>e, and the same 
terms are also applied to the animals themselves, a male or a 
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femnle aniuial possessing either male or female gonads, while a 
hermaplirodile animal may either ^wssesu a combined ovu-tc^tis 
or both ovarieH and testes separately. 

In illuutnUion of these jwinta we may briefly descrilie the 
structure and life history o£ the cniiimou fresh water i»olyi>e. 




imtli ; n. Iij[«i. 



: K,I>u.1; L. foot. 



" I'rikcticni Zo"logj-."j 

inesof WOi : F, enilixlfnn 



Hydra (Via. ■'»'')i «" fr(^q««ntly found attached to aquatic |)Iaut» 
in [iDiidw and ditches. Hydra is a inenilHjr of the great grimji 
('(I'k'iittinLta, whicli incliidi's the sca-iirs, jitlly-lisb, sea -anemones 
and corals, and which are distinguished by the fact that tliev 
retaiii tliningliont life the fundamental feattinm of the gastrula 
(cmnpari! Fig. 13, IX, X). The Wly of a typical Gu'lenterate 
animal consists esMoiitially of a simple sac (Fig. 57) whose wall 
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is composed of two Iftyera of cells. The cavity of the snc (C) is 
tlie (ligostive or giiatral cavity (eiiteroii), and it lias only a single 
opening to the exterior, the mouth (A), usually surrounded by a 
ring of tentacles (G). The wall of the sac is solid and there is 
no l>ody cavity or cceloni surrounding the digestive tube as in 
higher animals (Crclomata), The outer cell layer (D) of the body 
wall is the ectoderm (epihiast of the embryo), the inner (F) is the 
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endodonu (hypoblast of the embryo) and l>etween the two is a 
gelatiuoH-s, non-cellular supporting lamella, the niesoglu'a (E). 

Hydra itself is a very small form, but easily recognizable by 
the naked eye. The l>ody is long and slender or short and thick, 
according to its state of contraction, and the same is true of the 
tentacles, which may l)e visible as mere knoI>s around the mouth 
at the unattached end of the animal, or as long slendor threads 
extended through tho water like fishing lines and serving fen* tho 
capture of the minute organisms upon which the Hydra feotls. 
The mouth is situated on the top of a conical projection. 
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the liypostome (Pig. 57, B), which lies within the circle of 
tentacles. 

Tlie eiidudenu, which immediately lineH the gastral cavity, is 
made up of a single layer of relatively large cells (Fig. 58, I> 
whose function is digestive. The ectoderm is made up of several 
kinds of cells, some larger than others. The larger ones (A) 
are mucit broader at their outer than at their inner ends 
and the interstices thus left between the latter are filled up 
by small interstitial cells (G). The endoderm cells and the 
larger ectoderm cells both send out prolongations of their bodies 
into the gelatinous mesogloia (H) which lies between them, and 
these processes, having the form of elongated fibres (C), are the 
seat of that power of contraction which Hydra possesses in such 
a high degree — they are in fact muscular. 

Hytlnv has two very distinct metliods of reproduction, asexual 
and sexual res[)ectively. The former consists in a process of 
budding, little hollow outgrowths of the body being formed, 
which elongate, acquire mouth and tentacles, and for a time 
renuiin attached to the parent (Fig. 57, K). In this way tem- 
IH>rary colonies of polypes may he produced, hut sooner or later 
the buds separate and begin to lead independent lives. 

Sexual reproduction is effected by means of ova and sperma- 
tozoa, which are essentially similar to those of higher animals. 
They are [iroduced in gonads — ovaries and testes — and as 
lH)th kinds of gonad usually occur in the same individual the 
animal is hermaphrodite. The testes (Fig. 57, H) take the form 
of little swellings situated at a short distance beneath the ring 
of tunlaules and formed each by au accumulation of interstitial 
octodurm cells. These are the primordial germ cells, by the 
diviKion of which the sperniatozoa are formed. The spermatozoon 
is pi^rfectly typical, resenihling a flagellate protozoon, with an 
ovoid head consisting almost entirely of chromatin and a long 
cytoplasniic tail or fiagellum by means of which it swims 
actively about when shed into the surrounding water by rupture 
of the ttuitis. 

There is usually only a single ovary, appearing as a larger 
projection from the body wall nearer to the attached end of 
the animal ; it consists at first, like the testes, of a heap of 
primordial germ cells formed hy the muttijilieation of interetitial 
cells. In each ovary, however, only a single cell develops into a 
mature ovum (Fig. 57, I), its sister cells, which may all be 
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regarded as jKitenlial ova, being sacrificed for the benefit of the 
one ; in lact they ure simply devoured by the voracious egg 




Viu. 59. — Dcvolojiment of Hjdra. (From Itournu's " C'ompfirotivo Anntuiiiy," 
partly iiftor Urauer.) 
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I the endodunn (hyi>abla»t) ; U, emgity «h>'ll ullcr the vikhiw of llin 
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cell, which puts forth pHeiidopodia and feeds upon them Itko a 
liungry Aniu'tm. In this way the ovum attains a relatively lurRo 
size and its cytoplasm hecomcH loaded with yolk corpuscles 
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which will serve later on for the nutrition of the developing 
embryo. 
Home of the surrounding cells of the ectoderm at first 
form a covering 
or envelope for the 
growing ovnm, 
but this is pre- 
sently raptured 
and the mature 
egg is exposed on 
the surface of the 
body of the parent 
Hydra. There it 
IB found by a spermatozoon, which is 
attracted towards it and by its own 
activity bores its way into the ovum. 
This act of fertilization is concluded in 
the usual manner by the fusion of the 
nucleus of the spermatozoon (male pro- 
nucleus) with that of the ovum (female 
pronucleus) to form the zygote nucleus. 
The fertilized ovum or zygote (Fig. 
5!l, A) undergoes segmentation while 
still remaining attached to the parent 
Hydra, In this way a single-layered, 
hollow blastula (B) is formed, which 
becomes converted into a two-layered 
oiubryo by migration of cells into the in- 
terior to form the at first solid hy^mblast 
or endalerm (C, D, i). The epiblast 
or ectoderm cells (D, ec) now secrete a 
thick horny protective envelope (ah, 
xhi) around the embryo, which falls 
off from the parent and undergoes a 
!■..■ nuimiinimi: (.i..,U'u- poi'ioil of rest ftt the l>ottom of the 
pond. After a time the interrupted 
devolopniciit is rpsunicd, the imriiy envelope is ru])turetl, and 
the cniliryo escapes (F). Tlie gastral ciivity appears in the 
midst of tliv fiiilnilerni cells, the iiioulh is formed by iierforatioii 
lit one end, and the lenliiclcs bud <iut. '\Vilh the formation of 
the nii>ulh tlic Hastviiln stage is reached, but it will Ikj noted that 
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thi» condition is arrived at; by a somewhat different route from 
that which leads to the corresx)ondiDg stage in Amphioxus (com- 
pared Fig. 13, 1— X). 

Closely related to Hydra are a large number ot marine Cceien- 
terates, which, from their obviously animal nature combined 
nith their plant-tike mode of growth, were known to the older 
naturalistH ns zoophytes. One of the most familiar examples of 
these is Obelia (Fij;, 60), which is frequently found attached to 
rocks or Beaweeds near low water mark. 

Obelia differs from Hydra in several interesting particulars. 
In the first place the asexual process of multiplication by moans 
of budding takes place in a very regular manner, and the buds, 
instead of separating from the parent, remain connected together 
to form permanent colonies (Fig. 60, A) in which the constituent 
individuals or persons (sometimes called zooids) are arranged 
in a )>erfectly definite way. The colony is comparable to an 
arI)ore8cent colony of Protozoa such as Zoothamnium or Epi- 
stylis (compare Pig. 9, ii -is), but the individuals of which it 
is composed are units of a higher order tban single cells. 

In the second place the colony develops a common skeleton, 
secreted by the ectoderm, wliich takes the form of a slender 
tul)e of horny perisarc (j>«.) enclosing all the branches and 
expanding at the end of each into alittlecuporliydrotheca(A.v//*,), 
occupied by a single zooid. Lastly the colony is [wlymorphic, 
the /.ooids exhibiting a certain amount of differentiation and 
division of lalMiur amongst themselves. 

A network of ro(»t-like branches at the base of the colony 
creeps over the sulwitratum and serves for attachment. From 
this network, which is not shown in the illustration, arises a 
little forest of vertical stems, each of which has a chanicteristic 
zig-zag outline (Fig. 60, A). From each angle of the stem a 
short bninch is given off which terminates in a single hydra-like 
zo(ii<l known as a bydranth (hi/il.), enclosed in one of the horny 
cups or hydrotbecte, from the mouth of which its tentacles are 
extended into the water. 

The structure of the hydranth is similar in all essential 
roHjHictH to that of Hydra. In the middle of the ring of tentacles 
is the mouth, situated on a projecting hypostome and leading 
into the digoHtive cavity, and the different hydrantlis of the 
colony are all placed in communication with <me another by the ■ 
tubular hydroeauluH, or common stalk iJiyc), enclosed in the horny 
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perisarc. These liydranthe are the aatritive individuals of the 
colony, whose function it is to capture and digest the prey. 

Very often we find, in the angle between a hydranth-l>eAring 
branch and the main stem, a short branch bearing an individual 
or zooid of a different kind, enclosed in a horny cnp of totally 
different shape. These individuals are somewhat club-shaped ; 
they have no mouth and no tentacles, and they are termed 
blastOHtyles (Fig, 60, A, b»l.). The homy cup in which each is 
enclosed is urn-shaped, with constricted month, and is distin- 
guished by the name gonotheea (</th.). The function of the 
blnstostyle is exclusively reproductive and it is entirely dependent 
for its nutrition upon digested food received from the hydranths 
through the hydrocaulus. It reproduces by budding, and the 
buds are often found attached to it in large numbers, within the 
sheltering gonotheea, as shown in the figure. 

The colony itself increases in size by the formation of new 
buds ill regular succession, alternately on the right and left sides, 
beneath what is, for the time being, the topmost hydranth of each 
main stem, each new bud giving rise to a hydrant h-bearing 
branch which overtops its immediate predecessor. The buds 
formed on the. blastostyle, on the other hand, do not develop into 
hydranths at all, but into another kind of individual known as 
a medusa, or niedusoid ])erson, which presently detaches itself 
from tlic iiiircnt and escapes tlirough the mouth of the gonotheea 
as a free-swiniming individual. 

Tim iitediiKa of 01ieli;i (Fig. GO, B), though larger than the 
hydranths, is still very r^tnall, not more than about I'gth of an 
inch in diiinicti-r. At first sight it looks very difTorent from 
a hydroid individual (hydranth), hut it can easily be shown to 
hiivi^ th<: Kanic fundiiinental plan of structure. It consists of a 
circular disk siirnniiidcd liy a fringe of tentacles (ten.). From the 
niiddit! of oitii surfaut; projects a bandle-shaped structure, the 
nianiibrinin (;»«.), ciri-esponding to tlie hypostome of the hydranth 
and bitaring llie niotitb at its extremity. This mouth leads into 
a ceiilnil digistive cavity from which four radial canals {i:c.) run 
outwards thniugh the gelatinous ground -sul)stance to a circular 
marginal canal. The medusa swims actively al>out by muscular 
contractions {if tbu disk, and in doing so it assumes a bell-like 
shape with the manubrium projecting from the convex surface, 
like the handle of the liell. 

Most medusii! — the larger of which are familiar to us as 
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"jelly-fish" — are more definitely bell-shaped, but the manu- 
briiiiu lies in the hollow of the bell, like its clapper; in coinpariBoii 
with these the Obelia medusa may be said to turn itself inside out 
in the act of swimming. In accordance with their active life the 
niedusfe have a fairly well developed nervous system aud a number 
of sense organs around the margin of the bell. The point with 
which we are immediately concerned, however, is their mode of 
reproduction. 

Unlike the hydranths and blastostyles of which the Obelia 
ciilony is composed the medusae are sexual individuals, bearing 
sexual organs or gonads from which the gametes are set free. 
The gonads (Fig. 60, B, gon.) are musses of germ cells lying one 
beneath each radial canal, on the same side of the disk as the 
manubrium. The sexes are distinct, the medusfe being either 
male or female, and the gonads accordingly producing either 
spermatozoa or ova, which, when mature, are discharged into the 
water by rupture of the gi)nftd. 

The ova are fertilized by the spermatozoa and undergo 
segmentation much as in the case of Hydra, developing 
ultimately into a hydroid individual (hydranth). which by 
budding gives rise to a new Obelia colony. 

It is obvious that we have here a case of alternation of sexual 
and asexual generations (metagenesis), comparable to that which 
occurs in the fern, except that the sexual generation ai-ises from a 
multicellular Imd and not from a unicellular spore. The sexual 
medusoid individual is produced by budding from the asexual 
hydroid, and itself gives rise, through the conjugation of gametes 
and the development of the zygote thus produced, to the asexual 
hydroid again. The process is somewhat complicated by the fact 
that the hydroid also produces other asexual individuals by bud- 
ding, but this really amounts to little more than does the fornia- 
tiini of numerous branches by the budding of one of the higher 
plants, for in the latter case also each bud may lie regarded as, 
potentially at any rate, a i)erfect individual. 

We may draw an even closer comparison l>etween the alterna- 
tion of hy<lroid and medusoid generations in the Cielenterata and 
thatof Hporophyteand ganietopbyte tn the higher plants, for in the 
former, as in the latter, wo see in many instances a more or less 
strongly devtiloped tendency towards the suppression of the sexual 
generation (sometimes called the gamobium in aniniaU). 

In Tubularia, for example, the medusoid individual nc^ver 
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gejmratea from the parent colony, but remains attached to it as a 
bud, though still Hbowing clear evidence, in its l>ell-like shape and 
in the presence of the manubrium and of radial and circular 
canals, of its inedusoid nature. It is is fact merely a degenerate 




l-'li:. in. A Hii;ile Ilyiiniiitli iit Tiilmlarin, with iiiedusoid Tndiviilunlit 
(( iiiiiiiplniifs) Imdilwl out lietwwn the two tHrcles of Tentacle-i ; highly 
magtiiliud. (Aflor Allmiin.) 

UT ili'Tnlivi' I'uvity : yiii.. i;i>ur>]>linrc : »'., iiinuth; pfr., periauci len., lenUclea. 

iiicdtisa or Ronophore (Fif,'. fil, ,-7"".). It still retains its Bemnl 
function, prodiiciiiK fitli(!r ova or spcniiatozoa, and in this case 
the fcrtiliwd ova actually develop into young hydroids or 
"rtctinula larvjv" (Fifi. fll, «'f., «'f-') before escaping from the 
l>iU-cTit fjonophorc. \V(! Imvc hero a telescoping of the sncceBaive 
tTomiatioiiH quite comparable to what we find in a flowering 
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plant, and a^ain it is the sexual generation which has undergone 
reduction. 

In otlier cases the medusoid bud or gonophore more or less 
cr>mj)letely loses its me<luBa-like structure and becomes a mere 
sac containing the gonad, and it has been suggested that in 
Hydra we may Iiave the last stage in this progressive reduction 
of the sexual generation, the medusoid having altogether dis- 
appeared, after having transferred its. sexual functions to the 
hydroid. 

It seems almost incredible that the germ cells themselves 
which are originally produced by one generation should in this 
manner l>e transferred to what is really the preceding generation, 
but as a matter of fact we see all stages in this process in different 
genera of Hydrozoa. Even in Olielia and certain other medusa 
the genu cells do not originate in the gonads beneath the radial 
canals but in the ectoderm of the manubrium, reiuibing their 
final position by a process of migration. In Eudendrium, where 
the medusoid is reduced to a mere vestige, the germ cells 
no longer originate in the sexual individual at all, but in the main 
stem of the hydroid colony, whence they migrate into the 
medusoid bud. If wo imagine them ceasing to migrate from their 
place of origin in the hydroid, while the medusoid is no longer 
formed, we reach the condition of Hydra, with a complete trans- 
ference of the sexual function to what sbnnid he the asexual 
generation. 

In the cu'lentorates, however, it is not always the asexual 
(hydroid) generation which predominates, for in some cases this 
is suppressed n)ore or less completely and the medusa or jelly- 
tish reproduces its own kind directly without the intervention of 
a liy<Iroid i)hase. 

In cu>lenterate animals such as Hydra and Obelia, as we 
have already seen, the body consists of a shigic hollow tube 
whose wall is tnade up of only two cell layers, the ectoderm 
on the surface and the endoderni lining the digestive cavity, with 
a supi>orting layer of gelatinous consistency -the mesoglcea 
- iH-tween the two. In the case of the larger jelly-fish 
this niesoghca attains a great thickness ; it is, however, 
never a true cell layer like the cctfKlerm and endoderni, hut 
rather of the nature of intercellular substance secreted by the 
cellH on either side of it. 

In Hydra and Obelia the germ cells arise from the ectoderm, 



Digitized byGoOgle 



124 OUTLINES OF EVOLUTIONARY BIOLOGY 

nnd the gonads (Fig. 62, A, gon.) are accordingly situated close 
to tlie surface of the boily and no special ducts are required for 
the conveyance of ova or spermatozoa to the exterior. 

In the great group Ccelomata, which includes practically all 
animals higher in the scale of organization than the ctxlenterates, 
we find a different state of affairs. The mesoglrea has been 
replaced by a true cellular mesoderm (Fig. 62, B, mes.), formed of 
cells derived from ectoderm or endoderm, or from lx>th, and in 
the thickness of this layer a cavity is developed, tlie ccelom or 




A. Diaiiniiii of ii trunHveno Hection of ft cwlcntente iiniinkl. 

B. DiHKnun of n tmnHvi-rxo Recllun of an invert«bnl« co-lomiile &nimkt. 
eirl. i-ii'iniu or UiHly cnritv; net, rji. cwloinic epithetliuD lioing bod; cavi 

lilooel-vi-HH-l ; rrl. iftoilpnn; mil. cndodvrm : tut. enlwon or dij 
j/,«. IWtiitHl uiwduri- ; g..l. gi-uiltl iluct (eonoducl); gon, Bonn 

body Ciivity irn-l.), which more or less completely siirrounda the 
di^L'stivit tiilie or iilimentarv caniil (compare the development uf 
AniphiuxuK, I'ig, 18, XI — XIII). Theoiiter layer of the mesoderm 
uniti's with the cctiiilerni to form the body wall or somatopleure 
(sfim,), while the inner layer unites with the endoderm to form the 
gut wall or Kplanchnopleure (upl.), and the body thus acquires the 
form iif 11 double tiilie, Tlio iHidy cavity is lined by a layer of 
e])itlnlial ccIIh ('"/. ep.), and it is from this co'himic epithelium 
that Ihef^frin cells arise. The gonads (Fig. 62, B,,*?')*!.) therefore 
projt'ft iiitotlic Ixtily cavity and into this etivity the mature germ 
cells are primarily discharged. In the great majority of eases 



Digitized byGoOgle 



SECONDABY SEXUAL CHARACTERS 12S 

special genital ducts or gonoducts ((?.<?.) are developed wliicli 
pierce the bmly wall and serve for the passnge of the genu cells 
to the exterior. The sexes are usually distinct iu the higher 
forma (Vertebrata), but many of the invertebrate cwlomates 
('■-(/., the earthworm) are hermaphrodite, the same individual 
l)earing both male and female gonads (testes and ovaries) with 
the corresi>ouding goiioducts (vasa deterentia and oviducts). 

Fertilization of the ova by the spermatozoa, or in other words 
conjugation of the gametes, may take place either within the 
Imdy of the parent, as in most terrestrial forms, or externally, as 
iu a very large proportion of aquatic animals. In the former case 
sjiecial organs are developed for the transference of the sperma- 
tozoa from one individual to another, and such transference 
usually occurs even in hermaphrodite loinis, which, as a rule, are 
incapable of self-fertilization. Further modifications may arise 
in connection with the nutrition of the embryo, which may 
remain within the body of the parent— in an enlarged portion of 
the oviduct known as the uterus— until it has reached an 
advanced stage of development. This takes place more par- 
ticularly in the females of the higher vertebrates. 

In connection with the sexual differentiation, more 
especially in the higher animals, numerous secondary sexual 
characters may arise which are not directly connected with the 
organs of reproduction. Such are the various ornamental out- 
growths of hair, feathers and so forth, which distinguish the males 
of many vertebrates and are supposed to appeal to the aesthetic 
sense and thus to contribute towards the mutual attraction 
lietween male and female, and the special weapons, such as 
antlers and spurs, which male animals frequently develop and 
which are used in combat for the [jossession of the females. 

Although not directly connected with the goiuids these 
secondary sexual characters seem to depend for their development 
in some curious way uikhi the presence of these organs. Thus 
it is well known that if the testes be removed by castration the 
secondary sexual characters will not, in most cases at any rate, 
develop properly. We see an excellent illustration of this in the 
case of the antlers of the stag, which are confined to the male and 
do not develop at all if the animal be castrated in early youth, 
while if the oi)eration be performed after the antlers are fully 
developed these are prematurely cast off and rei)lace<l by 
iui|)erfeet ones. 
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How this iutimate correlation I>etweea gonnds and Becniiiliiry 
sexual cliaracterc is brought about is still iiiicertaiii, but there is 
strong reason to suppose that it ie due to the secretion by tlie 
gonad of some si>ecific sultstaoce (hormone), ])erhaps of the 
nature of a ferment, which circulates throughout the body — 
chiefly no doubt in the blood — and controls the development 
ot the characters in question. That internal secretions may act 
in tliis way upon organs remote from their own place of origin is 
well known and is strikingly exemplified in the case of the 
corpora lutea of the mammalian ovary. These structures appear 
on the surface ot the ovary in the places whence ova have lieen 
discharge<l, and are apparently of a glandular nature. As the 
fertilized ova jiass down the oviduct they begin to develop, and 
on reaching the uterus fix themselves to the wall of the latter, in 
which they l)ecome imbedded. The spot where fixation takes j)laoe 
is far distant from the ovary, but it has been demonstrated that 
if the corpora lutea on the surface of the latter be destroyed the 
embryos will not become fixed at all. There is a close correlation, 
then, )>etween the presence of the corpus luteum and the fixation of 
the embryo, and this is explained by supposing that the corpus 
luteum secretes some substance which, circulating in the blood, 
reaches the uterns and stimulates its epithelial lining to respond 
to contact witli the embryo. Moreover, the reaction, whatever its 
cause, appears to he mutual, for if the discharged ovum does not 
get fertilized the corpus luteum does not attain its full develop- 
ment and soon disappears. 

We have now very briefly traced the evolution of sexual 
characters from their starting point in the male and female 
gauietes of the Protista to their culmination in the higher plants 
and aiiiniais. W& have seen how sexual differentiation, which 
primarily concerns the gametes themselves, is gradually extended 
to the colonics or to the multicellular individuals from which the 
gametes arise, or even to a preceding, originally non-sesual 
generation. The various structural modifications thus brought 
about are all directed towards one end, the conjugation of the 
gametes. The mutual attraction which undoubtedly exists 
between the gametes themselves is not sutficient, at any rate ia 
the uase of the more highly developed and complex organisms, 
where the distances hetween their places ot origin are relatively 
very great, to secure their union. 

In the flowering plants their own efforts are supplemented by 
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nil tbo elal)omte device» for securing pollination, am] by [ar tlie 
motit active part in the proceRH in played hj* external agencies, 
especially by those insects whicb have become the vicarious 
fertilizers o£ the flowers. 

In the higher animals, on the otlier hand, the necessity for 
bringing the gametes into close proximity with one another has 
led tothe developmentof all those secondary sexual cbamcters, l>oth 
bodily and mental, which play so conspicuous a part in the drama 
of life. Throughout tlie whole course of this reinarkal)le process 
of evolutif)n, except in the case of certain obviously degenerate 
foruis, we ol>Berve that same fundamental distinction between the 
sexeH which we first noticed in the gametes of uniceltular 
organisms, and which in the higher animals is extended with 
the sexual differentiation itself from tlie gametes to the complex 
muIticolUiliir liody which hears them. The female is the more 
passive jwirtner and is especially concerned with the nutrition 
and rearing of the offepriiig, and her bodily organization is 
esi)eciaUy adapted to her maternal functions. These functions 
constitute an inevitable handicap in the struggle for existence, 
and the fenuiles and young of the higher animals are in most 
cases largely de)>endent upon the less burdened and consequently 
more active and vigorous males for their protection. 

The explanation of this pnigressive sexual differentiation is 
undoul)tedly to be found in the. advantages to he derived from 
division of lal>our and the accom[)anying [wssibilities of special- 
ization. The origin of conjugation itself, uiioii which all sexual 
phenomena are based, is another, and more fundanientnl, (juestion. 
At iirst, as we have seen, the conjugating gametes were apparently 
exactly aUke one another and exhibited no visible sexutvl differen- 
tiation at all. The bahit of conjugation prolnkbly arose from 
the necessity of making good some disturbttnce of uquilibrium in 
the protoplasm of the cell. It has been sup]>osed that, as the result 
of rejKitited fmsion, some condition of inequality was gradually 
set up amongst the daughter cells, whereby some of tliom came 
to have too much of one constituent and too little of another, 
while others were in the opiHiHite condititni. In this way the 
Hriceessivc unicellular generations gradmilly l>ccame nioro and 
more enfeebled— as we Haw in the case of Pamnid'cium— and.owing 
perhapti to some sort of [Hilarization, those which had l>econu! 
modified hi op]Kmite diroctinns came to exercise an attraction 
upon one another which resulted in conjugation and rustoration 
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of the proper equilibrium. It may be that from the very first 
the inequalities of tissiou resulted in the accumulation of more 
active protoplasm in some cells and a greater amount of reserve 
material in others, and that this was the starting point of the 
differentiation into male and female. 

Although fusion of the nuclei (karyogaray) of the two 
gametes appears now to be the most important feature of con- 
jugation, we must suppose that it was preceded by plastogamy^ or 
fusion of the cytoplasm, which obviously constitutes the natural 
preliminary to karyogamy. In some of the lower Protozoa such 
plastogamy has been sometimes observed unaccompanied by 
karyogamy, and it is possible that in some cases plastogamy 
alone is sufficient to bring about rejuvenescence and renewed 
activity in cell -division. 
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CHAPTER X 

Origin of the gvrm callti in iiiulticelluliir aitimiile — Miitumtioii of tho gonn 
c«lls ItoiluctiuTi of tho chroiiioHuiiLos Sex doteruinntiiiii in iiinecta — 
Different funna of ganictaM — Mutual uttractiou of the gumetes — 
FertiliKutiou and pitrthoiiogeno«i(<. 

In iiiiiiiy multictiUulitr itinmiUH the distinction between Bomatic 
celln nfid germ cellti becomes initnifest at a. very early stitge in the 
development ot the individiiiil. An extreme instance of thiu is 
Been in the |iitrasitic round-worm of the liurse, Ascarii merfalo- 
ci-jihuia. Here the distinction in question precedes all other 
histological differentiation. The two cells or blastomeres into 
which the fertilized ovum first divides (Fig. 85, C, D) are originally 
similar to one another, hut as they prepare for the next mitotic 
division of the nucleus a remarkable difference is, according to 
the ol>seFVAtion8 of Professor Boveri, established between them. 
Both at first (in the case of the variety known as tiiiivalcne) 
exhibit two elongated chromosomes (the variety bicalciis, which is 
represented in Fig. 35, having four), but in one the thickened 
ends of the two chromosomes are thrown off into the surrounding 
cytoplasm, where they degenerate, while the more slender middle 
I)ortions break up into a number of short pieces. Thus two 
differentiated cells are produced, one with two large chromosomes 
and the other with numerous small ones. The latter gives rise 
by its subsequent divisions to somatic cells only. The former is 
a primordial germ cell ; for some five or six times it will divide 
like its parent cell into a somatic cell and u primordial germ cell, 
but after these early divisions the primordial germ cells will 
give rise to their own kind only, until the time comes for the 
priHluction of the actual gametes. The somatic cells, on the 
other hand, will gradually Itecome differentiated into all the 
various tissue cells of the adult. 

Perhaps the most signitlcant part of this remarkable process 
as observed in Ascuris is the elimination of chromatin material 
from the nuclei of the somatic cells when these are first 
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differentiated from the germ cells. The result of this is that the 
genu cells alone retain the full complement of chroiiiiitin 
derived from the parents, and their nuclei are Accordingly 
actually much larger than those of the somatic cells. 

The differentiation into somatic cells and germ cells cannot 
iisually lie traced so tar hack in the development of the individual 
as in Ascaris, but in a great many animals the distinction cimi 
be recognized at a very early stage. In certain insects, for 
example, the primordial germ cells can lie traced liack to a large 
" i)ole-cell " which lies at one end of the segmenting ovum, and 
in the arrow-wonn, Sagitta, 
they can be identified at the 
gastrula stage(Fig. 69, p.ii.r.). 
As we shall see later on, this 
early segregation of the genu 
cells is of very great interest 
from the point of view of the 
theory of heredity. It can 
hardly be said, however, at 
any rate in the present state 
of our knowledge, to be a 
phenomenon of uuiverBal or 
even genenil occurrence, and 
in the majority of cttlomate 
animals the germ cells are firtit 
recognizable in the civloniic 
epithelium at a couiiiam- 
tively late stage of develop- 
mont (Fig. C'2, B). In plants also, in cases where there is 
a wt>|] duvelojied gametophyte this appears to atttiin its full 
df'velopiiient hi'tore the gfrm ctdls are recognizable, and the 
entire life of the sponiphyle is passed without any distinction 
between somatic and germ cells manifesting itself. Moreover, 
tlie fact that the ordinary cells of a fern prolhullus can, on 
occasion, act as germ cells,' prevents us from admitting any 
absolute distinction between the two categories. 

Tlio primordial germ cells may undergo extensive multiplication 

by ordinury mitotic divisimi iHifi.re giving rise to the actual 

gamete.s. In multicellular animals the process of gametogeneuiH 

(torniiition of gametes), which is either oogenesis or spermato- 

■ l.rff, ji. !o;. 
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genesis nccording to whether ova or spermatozoa are produced 
thereby, is accompanied hy nuclear phenonieita of very greivt 
interest, whereby the niatiiriition of the genu cells is effected, 
jiefore describhig this process we must lay stress upon certain 
preliminary considerations. 

Ah we have already seen, each kind of animal or plant is 
cimracterized hy the appearance of ii definite number of chromo- 
ttomea in the nuclei of its cells at the time when these are under- 
gohig division by mitosis. Although not absolutely eoiistant in 
all cases the number is usually the same fur all the different 
somatic cells of wliich the body 
is composed. It is usunlly an 
even number, and (with certain 
eiceptions) it renuiins the same 
in successive generations of 
individuals. 

It will also Ite rememl>ered 
that the zygote or fertilized 
egg from wbicli the individual 
develops is forntcd by the con- 
jugation of two gametes, ovum 
and s[>ermatozoon, and thiit in 
this process the nuclei of the 
gametes, sometimes called the 
male and fenuile pronuclei, 
unite, or at iiny rate co-o[)erate 
as a single nucleus. Fig. CA is 
taken from an actual photograph of an egg of .\scaris in process 
of fertiliiMition ; the sperinatozoon has ulready entered the 
ovum and the nialo and female pronuclei (/»'i.) are seen lying 
side by side in the cytoplasm. Each pronucleus brings with it 
its own set of chromosomes, and hence the zygote nucleus has 
double the number of chromosoiues jMissessed by either of the 
gametes. Thus it iip])ears at first sight that every conjugation 
or sexual union of gametes (zygosis) must Iw iiccomixuiied 
by a doubling of the nuTuber of chromosomes, and we might 
therefore exiHict to find each successive generation with twice ivs 
many chromoHomes in its nuclei as the preceding one. That 
this w not actually so de|>ends (in the case of animals) u]>on the 
fact that the nuclei of the gametes contain only half the numlKjr 
of chromosomes characteristic of the somatic cells ; if the 

^1 
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somatic cells have eight the mature ovum ur uparmatozoon will 
have only four, iind bo on. This reduction of the number of 
cln'omoHomes (meiouis) is the essential part of the process of 
maturation which the unimal germ cells undergo, and it iij 
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etlfi^ctcd \>y n nitHlification of t)iu mitotic iiucleiir diviuion, iu 
which the cliniiiKisdiiKis aru tteparated into two groups, half the 
totiil ininilier iif entire cliriiiiioBouies going into one daughter 
cell and half into the oilier. 

In a typical case of ti]>ermatogenesis the first stage is the 
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multiplication of cells (the eo-cftlled apermatogonia) derived from 
the germinal epithelium, in the testis, by ordinary cell-division. 
Let UB suppose the number of chromosomes found in the nuclei 
of the somatic cells to be eight ; it will, of course, remain the 
same so long as the character of the mitosis undergoes no 
change, each chromosome splitting into two at every nuclear 
division. Presently, however, we find the chromosomes arranged 
in imirs instead of all appearing separateFy in the mitotic figure, 
and the cells, which have increased considerably in size by the 
absorption of nutriment, may now be termed primary spermato- 
cytes. This pairing of the chromosomes (synapsis) marks the 
onset of the " reducing division " ; a nuclear spindle is formed, the 
paired chromosomes arrange themselves upon it, and the two 
memliers of each pair separate and travel towards opposite poles. 
Thus two new nuclei are formed each with only tour chromosomes. 
The reduction is now complete and the new generation of cells, 
with reduced nuclei, may be termed secondary spermatocytes. 
One more mitotic division takes place, thin time involving the 
splitting of each chromosome, so that there \n no further reduc- 
tion in their num)>er, and giving rise to the nihmte spermatids, 
each of which develops a long, vibratile, cytoplasmic tail and 
forms a spermatozoon. Hence we see that each primary 
spermatocyte gives rise to four spermatozoa, with reduced 
nuclei containing half the numlier of chromosomes found in the 
somatic cells. The essential features of the whole process are 
represented diagram mat ically in Fig. G5. 

The process of oogenesis takes place in essentially the same 
manner ; the so-called oogonia,' derived from the germinal 
epithelium of the ovary, multiply and give rise to oocytes. 
Synapsis and reduction in the numl)er of the chnmiosonies take 
|>lace as they do in siiennatogenesis, but, owing doubtless to the 
fact that it takes a com]uiratively large amount of cytoplatmi to 
form the Ixxty of an ogg, we lind that only one perfect ovum 
arises fnnu each primary oocyte, the other three formhig the 
" [Kilar IxKlies." Owing to their minute Hi/.e as compared with 
the ovum itself, two of the i>olar lK>dies (Fig, 35, A, pM.) ap{>eHr 
to )>o cast out of the tatter as it undergoes maturation, while 
the third is formed by division of the first; it will Im) clear, 
however, from a citreful study of Figs. 65 and p8 that the 

it, iif <'c>iirM<. Ik: »>iir<>iiluluil 
ui-li |ilniilH ;is Kui'iiB. 
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process is merely one of repeated cell-division as in the case oF 
xpermatogenesiB. The three polar liodies consist almoBt entirely 
of chromatin and each of course contains the same reduced 
numl>er of chromosomes as the ovum itself; they undergo no 
further development, however, and finally disappear. The truth 
of the view, now generally held, that the polar bodies are 
merely ova which have not sufficient cytoplasm to allow of their 
development, is demonstrated hy the fact that in one of the 
tnrl)ellarian flat-worms, according to Francotte, the exceptionally 
large first polar l>ody may occasionally be fertilized and actually 
develop as fur as the gastrula stage. 

The details of the process of gametogeneBis vary very much 
in different cases, but the above outline may he regarded as 
generally applicable. 

In a large number of insects it has been found that tlie male 
animal possesses an odd number of chromosomes in the somatic 
nuclei, due to the presence of a single "accessory" chromosome 
or " monosonie," while the female possesses an even number 
(one more than the male owing to the presence of two 
" accessory " chromosomes). This leads to a curious complica- 
tion in the process of spermatogenesis. The accessory chromo- 
some (Fig. Gii, X) can often be distinguished by its appearance 
from the others, and at the time of synapsis (Fig. 00, 4) it has 
no mate. Hence in the reducing division the chromosomes are 
separated into two unequal groups, one of which contains the 
accessory chromosome while the other does not (Fig. (i6, 5). Two 
kinds of spermatozoa are accordingly produced in equal numbers, 
one kind with an odd number of chromosomes and the other with 
an even number. 

Tlie matured ova, on the other hand, all havo the same number 
of cbromosomes, Imcause tlie accessory chromoscnne has a synaptic 
mate. Fertilization of an ovum by a B))ormato7oon containing 
an accessory chromosome results in the production of a female 
animal with an even number of chroniosonies in its somatic cells ; 
fertili/^lion by a spermatozoon which has no accessory chronio- 
somu results in the production of a male animal with au odd 
number of chromosomes in its somatic culls, as shown in Fig. 07. 

Thus it apiHtars that the chromosomes, at any rate in some 
cases, have a very im]>ortant influence on the determination of 
tex, and that the latter is not, as has often been supjKised, merely 
the result of nutritional and other environmental inlluences upon 
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the developing organism, but a character of far more deeply 
seated origin. 

It muBt not be forgotten that the ehromosomee, as such, are 
only recognizable during the process of mitosis ; in the resting 
condition of the nucleus they appear to be broken up into Inrger 
or smaller granules of chromatin scattered through the linin 
reticulum. The observations on aeeeasory chromosomes above 
mentioned, wad others to be referred to presently, point to the 

d (Unreduced Cells} 



$( Unreduced Cells) 



5 Spermatozoa 




V\Q. I>7, — Diat;rftin ilhiBtratinf- the ('i)rrelation Iwtweon th« Numlier <il 
ChninnsioiiiO!' Bnit the Sex in cprtiiit! Insects. (Ttienuiiil)ersof chromo- 
eijiiies |;ivcii in thin iliiifEriDii aro nrliilrarily choccii and are obviously 
(lifTerciit from Dior'p whuli oiciir in ^teiiolHithi us, as tibown in Pig. G6.) 

conclusion, however, that, in spite of this, the different chromo- 
somes preserve some sort of individuality from one cell-genera- 
tion to another. In other words, we have reason to believe that 
the chrnniosonies which make their appearance at the onset of 
each mitosis are, taken each as a whole, the same as those which 
Iiecome disintograted iit tlic close of the preceding mitosis, though 
it is very possible that the constituent i>arts of the old chromo- 
somes (clironiatin granules, chronioiiicres or ids>, after absorbing 
nutriment and increasing in size during the resting jteriod, may 
come together in now combinations to form tlic new clirnmoeomes 
each time division of the nucleus takes place.' 

" Vide Kariner. Cr-iniiiii I.<ilun>, Vttye. It.i.val .<.k-.. S.t. II, V.il. 79, 1907, 
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It ia also highly prohahla, though by no meanH certain, that the 
chroraoEomeB which are derived from the male parent remain 
throughout life diBtinct from those which are contributed by the 
female parent. According to this view every ordinary somatic 
cell has two sets of chromosomes, paternal and maternal respec- 
tively, and this again is strongly supported by the observations 
on .the germ cells of insects above referred to, where all the 
chromosomes appear to l>e duplicated, with the exception of the 
accessory chromosome in the male animal. 

There is reason for Iwlieving, therefore, that in ordinary cases 
every paternal chromosome in au unreduced nucleus has an equiva- 
lent or " homologous " mate derived from the female parent, and 
that the phenomenon of synapsis ' represents a pairing of these 
homologous paternal and maternal mates. The reducing division 
which follows on synapsis consists in the separation of the mates 
once more, one of each pair going to each daughter cell, so that 
the matured germ cells are left with a single instead of a double 
set of chromosomes. 

If we assume that, as seems highly probable, the chromo- 
somes of each paternal or maternal set are not all identical 
hut (lifTerentiated amongst theraselvee — a differentiation which 
in some cases is actually visible, as shown in Fig. fi6 — and 
that one of each kind is necessary to make up the full com- 
plement of the nucleus of the gamete, the importance of 
the pairing of homologous chromosomes which takes place in 
synapsis l>ecomes at once evident, for one of each pair goes to 
each daughter nucleus, which will therefore be certain to receive 
a chromosome of each kind instead of a chance assemblage. 
The chromosome of each kind which it receives, however, may \>e 
either the paternal or the maternal representative of that kind, 
and as tboso, though essentially homologous, may diffcj* from one 
another to some extent in accordance with individual peculiarities 
of the parciitH from which they were derived, it will l»e seen that 
the matured gameUw may difTtir widely atnongst themselves in 
their nuclear constitution. This, as wo shall sec presently, is a 
very important matter from the i)oint of view of the theories 
of heredity and variation. 

This somewhat complex subject will I* rendered more readily 

' TliP IHtiriQK nt llic chriitimwnien, lor whii'h wc linve iwi'd tin: Iitiii "«yii:i[i»i»." 
is H|Kiki.'ii of by Kiiiic ivrilt'i* !Ui ■' sjniiiais," ami liy iillicra hm " (i hi j iitiii ioii." Tlie 
une uf the Inltvr (erm wcniH likely to liail lo ointuHion. 
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inte)li<>ible by a careful study of Fig. 68, which represents in a 
very diagrammatic manner the formation of the polar bodies and 
the distribution of the maternal and paternal chromosomes in the 
maturation of a typical animal ovum. 

Periodic reduction of the number of chromosomes is clearly a 
necessary consequence of the semal process, for a doubling of 
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-liianTiiui i>f th<> MxtMmtion »f a typical Animal Ovum, ahtiwiii);; 
th<! Itchiiviour of the Miitonml and I'alemnl ChrumoMomeH nnd the 
l''iinJiiiti()ii cif Polar Itiidios. ('Xlie winiatic number of chrumiwoinex ii 
su|>p<>seil t« l>u four; tho iiialcvnul uhroniosomes lire itbaded anil the 
jiiiteriiul iKit, ami tLu iliffereii(«s l>etwoen the two of each set nre 
iiulii-utt'cl liy tlieir nliai>eK.) 
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the iimiiU!!- at liVcry zygnniH or cnnjiigntiiin of gametes could not 
HO ()n iiidcilinitoty witlmut siuihi such couiiHUiHiition. In animnU, 
as wo have si!<jn, t1i<^ ntdiictirin UiVv.h place during the maturation 
of the gtiriu ci'.Hh, but it in by no iiieiuis necessarily itssociated with 
this iinict'ss. In the fi^riis, where alternating sexual nnd asexual 
genu rations are represented by independent and well develo|>ed 
organisms, the reduction takes place in tlie process of spore- 
formation by the siH)ropliyte. Hence the giimetophyte (pro- 
thaliiis) to which ihtt spore gives rise has in all its sumatic cells 
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tlie reilucecl iiiimlier of chromosomea, while tlie sporophyte (fern 
pliiiit proiKtr), owing to the fact thnt it develops froii) a. fertilized 
ovum luid receives n aei of eliromosomes from eacli parent, has the 
full immlier, or, {)erlinpa we should sny more correctly, the double 
iumil>er. 

Even luiiongst the Protozoa the phennmenuii of luiclonr reduc- 
tion hiiH ))eeii ultserved, and it prohably occurs wherever the sexual 
process takes place. Thus, 
in the case of GopromonEis, 
the life history of which we 
have already dealt with, 
the nucleus of each of the 
similar gametes, previous 
to uniting witli its mate to 
form the zygote nucleus, 
gives off two " iK)lar Ixidieu " 
which undergo degenera- 
tion in the cytoplasm (Fig. 
!)7, », ■*), and something very 
similar may l>e oliserved in 
the maturation of the ovum 
of Goccidium. In the con- 
jugating Paramcccinm, 
again, the products of divi- 
sion of the iniuroniicleuB 
(Fig. 4 1 , B, C) which undergo 
no furthm' dovi^lopment may 
\n'. rogardfMl as jKilar iMxlies. 
Ah we have already setui, 
theinatureganietttsthrongh- 
Hii, iiui-iHw: "i./«., iiiii'i<'<.itiK; r.iw., ,mj |„,ti, t|,„ iiiiiinal and 
vegtitahie knigdoias usually 
exhibit a very strongly marked sexual di ;i'irphisni, which 
attains its fulhwt expruHsion in the differentiation into active 
.siHtrmatoxtHni and passiv*' ovum (Fif;. (i!))- 

A typical sperniatoziMin, as w*! have also {xunted out, closely 
i-esenibles a tlagidlato protoxoon. It consists of a " Ixuid " and 
a "tail," connectwl together hy a " middle piece " (m./i.). The 
bead contains the nucleus (ini.), which nhuost entirely fills it, 
being covenxl with only a very thin eiivelo|«t of cytoplasm. The 
middle piece contains a centrosome (ci.). The tail, or lliigellum, is 




— PingriiMi "f tyjiiiuil Sjwriiia- 
>ii iiii(H>viuii. tlin fiinii«r inlieh 
< highly iiiu;;iiifk<(l than tho 
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Fio. 7(1.— Diagram 
BinVa Egg. 

a.r., nir chmnlicr ; c 
twiated cords of i 



of the Structure of a 



the active locomotor organ, by the movements of wliich the 
spermatozoon swims al>out ; it contains an axial filament {ax.) 
and may or may not l>e 
provided with a lateral 
undulating membrane. 
A typical ovum is a 
relatively large, spheri- 
cal cell with a con- 
spicuous nucleus (hm.) 
surrounded by a large 
quantity of cytoplasm 
icyt.), and the whole 
enclosed in a delicate 
n e membrane 
{v.m.). The actual size 
, Bibumeni eh., chkiun, of the ovum depends 
r,l^S?.rf.fKr™rn;S almost entirely on the 
ifc., Bheii ; (A.m., nhoii amount of food material 

memD™ne;iP.m.,¥iwiline membrane; y*., "yolk. ,i i i ,, , 

(deutopiasm or yolk), 
which is stored up in the cytoplasm in the form of granules (p.ff.). 
In AmphioxuH (Fig. 13, 1) the amount of food material is very 
small, and the egg is only about sl^^^ 
inch in diameter. 

An extreme contrast to the egg of 
Ampliioxus is seen in that of a bird 
(Pig. 70), where the amount of yolk 
is onnrniously largo and the active 
pn)toplaRni in conlincd to a minute 
" giiruiinivl disk " {i/.d.), containing the 
nuc1<:uH (»»■}, which lies within the 
vitelline nuunlirano {r.m.) on the top 
of tho "yolk" (i/l;.), while the ovum 
pmiHfr is entirely ('nciosed in accessory 
Htructtnes — the "white" or albumen 
{.ill,.) mid the shell (»/<.), with its lining 
mi'Mihrano. (xli.m.). 

The iiiaTnmaliiin ovum, an the other 
hand, is, like tliat of Aniphioxus, very 
niiinit(% in the rabbit (Pig. 71) again only alxxit 3i^(i''b inch in 
diaiiK^tcr. It in enclosed in an ouvelo{>e known as the zona 
radiata (/), which lies outside the vitelline membrane, and it 




Fio. 71.— Ovum of a Babbit. 

X2(K). (FiomManihaUN 

" Vorteiirate Embr]*- 

oliigy," after Iliechoff.) 
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contiiinu very little deutoplasm. This is correliilied with tlie fiict 
tlmt it develops within the body of the pnreiit at the expense of 
food muberiiil derived from the blood of the ktter. Tliere is 
nutson to believe, however, as we shall uee litter on, that the 
Hiunll size of tlie mammiilian egg is u secondary feature. 

The plant egg-cell may also be loaded up with food material, 
so as to attain a large size, as in the green alga, Ghara, 
where the contrast between the minute flagellate B])ermatozoon 
and the relatively gigantic ovum, filled in this case with starch 
grains, is very striking. In the higher plimts, however, where, 
as in the case of the Mammalia, the developing embryo is not 
dejHindent for its nutrition upon food supplies stored in the egg- 
cell, the latter remains quite small, as, for example, in the fern 
(Fig, 52) and the flowering plant (Fig, 55, e). 

According to some authorities one of the most important 
differences between ovum and si>ermato20on in animals lies in the 
fact that the centrosome of the former disap|Muirs flnully during 
the process of matuniticm, the centrosome of the zygote Iwing 
contributed by the s|)ermatozoon alone. In view of the fact, 
however, that a definite centrosome is not usually recognizable at 
all in the higher pliints we cannot attribute very greiitiiniwitance 
to its supposed absence in the luiimal ovum, and we shall also see 
presently that centrosomes appear in developing eggs which have 
not been fertilized by spermatozoa. 

We have already had occasion to refer to the existence of 
some attractive force whereby the male and female gametes 
are brought together in conjugation. Many observers main- 
tain that this is simply a case of [losittve chemotaxis, or 
the chemical stimulation of the protoplasm of one gamete by 
a sfteciflc secretion of the other in such a way as to cause 
tlieni to res)Hmd by approaching one another (or by the male 
giimete approaching the female). 

It is a well known fact that certain siieinuitozoa are attracted 
by specific chemicid sulutances. Thus the free-swimming spenna- 
tuzoa of ferns and mosses are attracted by weak solutions of 
malic acid and cane sugar respectively, and those of Coccidium 
are attracted by tmclear matter discharged from the ovum in the 
pnweaa of maturation. 

There can be no doubt that, whether the attracthig substance 
be secreted by the germ cells themselves or by some other juirt 
of the organism, chemotaxis sometimes plays a very inijxirtant 
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part in bringing the gametes together. So also, of amnse, do 
many other fiictorB in variouB plants and animals, but we luuet 
dietingitiBh between factors which act directly upon the giimet^s, 
such an chemotaxis, and those which act indirectly through tlie 
soma or Ixtdy of the organism, as for example through t))e visnal 
and olfactory senses of the higtier animals. 

It is proliable, however, that chemotaxis itself is but n secoiidury 
factor which serves to bring the gametes within the range of une 
another's direct influence. Thus in Cuccidium (Fig. <t<.>) the 
chemotactic action seems to be exhausted after a certain nunil>er 
of spermatozoa have been attracted to the ueigbbuurhood of the 
ovum and a fresh attraction appears to be exerted by the ovum 
itself or by its nucleus. 

The term cytotropism, or cytotaxis, has been a)>plied to the 
attraction which, according to some observers, is sometimes 
set lip lietween two adjacent cells, and s<miething of thiu kiiid 
probably comes into play in the mutual attraction of gametes. 
It can proUibly act only at very short distances, and hence the 
necessity for some preliminary means of attniction such as 
chemotaxis. That chemotaxis alone is not a sufficient explaim- 
tinn of the phenomenon in question is suggested by the case of 
Spirogyni. The conjugation of the gametes in this plant has 
already l>een described in Chapter VIII. It will be remembertMl 
that the process may take place between the cells of two filaments 
lying close together, parallel with one another (Figs. 48 and 
44), and is then inaugurated by those of the male filament. 
Each of these cells which hap|)eiis to lie op]H)site to a cell of the 
female filament puts forth a hollow protul)erance of its wall, which 
is presently met by u shiiilar protulierance from the wall of the 
female cell, tbe two projections uniting to form a canal through 
which the protoplasmic Ixidy of the male gamete creeps inside the 
cell-wall of the female gamete to conjugate with the latter. It 
sometimes hapjiens, however, that, owing to inetjualities in the 
sizes of the cells, there may \ni a cell in one filament which lies 
between two cells of the opjiosite filament and for which there is 
no niati', all the adjacent cells being coupled. In such cases the 
solitary cell (Figs. 43 and 41, S.C), if it exhibits any of those re- 
markable activities which are shown by tbe conjiigivting cells on 
either side of it, merely nnikes iireliniinary advances which are 
prematurely checked, as though there were a c<mij>etition for 
{>artners in which it was unsuccessful. Here it is obvious that 
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in t)io ciise of two cells lying opposite to one another, though not 
in c<iiitiict, )ind though eiich is enclosed in a firm cell-wall, some 
stimulus is transmitted from on« to the other which calls forth 
11 definite response manifested in the formation of the connecting 
canals and the conversion of the protoplasmic contents of the 
cells into gametes. The insufficiency of the principle of chemo- 
ttixis to account for these phenomena appears to be indicated 
by the fact that cells whicli have no mates do not form either 
complete connecting canals or gametes, though e\^K)sed equally 
with their more fortunate neighbours to the iufiuence of any 
chemical substances dissolved in the surrounding water. The 
only ex[)lanatiou ap[)ears to be that the sohtary cell cannot 
attract, or at any rate retain, tlie attention of a mate to stimulate 
it to complete the process of conjugation.' 

The cytotn>))ic attraction of the gametes, as we have already 
observed, probably dei>ends upon some ditTerence of [xilarity 
between the two. That it is mutual is demonstrated by such 
wises as that of Zygogoniuni (see p. 97) and by the fact that even 
when the ovum is too heavily laden with food material to take any 
active part in the process of uonj ugation it yet in many cases puts 
out a definite "cone i>f attraction " towards the advancing sper- 
matt)/,o(m, its seen in Coccidiuni (Fig. 3i)). What the real nature 
of this primary attraction hetween the gametes is we do not know; 
it may ultimately be exphotble in terms of some force alretidy 
known to us, ur it may be one of tliose citses where it will l>e 
convenient to cloak our ignorance by the assumption of mnae 
s{>ecial vital force of which we know nothing. 

Although as a general rule an egg does not develop unless 
fertilised by a spermatozoon, this is by nu means always the 
utse, and many instances are known of parthenogenesis or the 
development of unfertilized eggs. This may either l>e a normal 
occurrence in the life cycle or it may lie artificially induced. 

Natural parthenogenesis occurs chiefly in insects, esjiecially 
amongst the aphides or plant lice. In these animals males and 
|>erfoct fenuiles appear only in the autumn. Fertilized eggs are 
then laid which hibernate through the winter and hatch in the 
sprhig,pr<Hlucing imiurtect viviparous females. In these imi>erfect 
females eggs are formed which develop parthenogenetically within 
the body of the [uirent and give rise to fresh generations of 
viviparous forms. This reproduction by means of uiifertilized eggs 
' Heu, however, Ibo footiiiiUi on |>. IH'J. 
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in repented itgniii niid ngniii thronghout the Buuimer inoiiths aud 
thus the unhides multiply with great rapidity. In the nutiiiini, 
however, males and perfect females are again i)roduced. The 
viviparous imperfect females, as well as the males, are {generally 
winged, the perfect females are wingless. We have here another 
kind of alternation of generations, in which forms which repro- 
duce parthenogenetically alternate with others which exiiihit 
the normal uexual process; to thtB type of alternation the 
term heterogeny in sometimes applied. A very large nuuilier 
of iwirthenogenetic generations may intervene hetwouu two 
se^ciial ones. 

Another well-known case of jmrthenogenesis is that of the liive- 
l>ee, where the eggs laid by the queen may either be fertilize<l or 
nut, in the former case giving rise to females (workers or ipieens) 
and ill the latter to males (drones). Other instances occur amongst 
those parasitic Hat-worms known as Hukes (Trematodu) and in 
some Crustacea (Cladocern, the so-called water Heas). 

The most remarkable cases of natural parthenogenesis, how- 
ever, are those to which the ai>ecial term ptedogenesis lias lieen 
applied, in which the imperfect females do not even wait to 
attain maturity liefore producing tbeir offspring, but actually do 
so in the larval condition, as in Ghironomus and some other 
two-winged Hies (Diptera). 

In general wo may say that i)arthenogenesis occurs in cases 
where it is desinible to take itdvantoge uf a brief season of favour- 
able conditions to multiply the race as rapidly as possible. It is 
necessary to make hay while the sun shines. When adverse 
conditions set in, such as the advent of winter in the case of the 
ajihidcH, or discharge from the body of the host in the case of 
pjinisitic flukes, the vast majority of the race will perish, but 
II sutlifitint number will be able to protect themselves in some 
way (liko the encysted cercariie of the fluke), or a suQicieut 
nuniljcr of fertilized and protected eggs will be produced (as in 
the aphides) to tide over the evil time and form the sbirtiug 
lioints for fresh generations at the first favourable op[)ortunity. 

It seems possible, also, that in some cases parthenogenesis 
may be continued indelhiilely without fertilization ever occurring, 
for in certain species of minute rotifers and crustaceans no males 
hiive as yet been observed. 

Recent researches liave shown that parthenogenesis can l»e 
artilicially induced in ca.scs where it does not occur naturally at 
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all, and Professor Loeb' goes so far as to luaiutain that the 
problem of fertilizutioii is really one of physical chemistry. He 
holds that the development of the egg is to be regarded as a 
eheraieal process which depends mainly on oxidation, and finds 
tliat the unfertilized eggs o( various animals (sea-urchins and 
worms) will undergo development (at any rate up to a certain 
point) after expoHiire to the action of certain chemical reagents. 
The unfertilized eggs of a sea-urchin, for example, develope<l into 
larvie after being placed for two hours in sea water, the osmotic 
pressure of which had been raised about 00 °/^ by the additiou of 
some kind of salt or sugar, but this " hy|>ertoiiic " solution must 
contain a sufficient quantity of free oxygen. In another ease the 
unfertilized eggs of the worm Chictopterus were stimulated to 
develop into larvie by the mere addition of potash and acids, 
without the osmotic pressure of the sea water l)eing raised. 

Exactly what takes place under these circumstances we do not 
know, and any speculation on this iH)int is perhaps Homewhat 
premature, hut it is ijutte clear from the experiments of Loeb and 
other workers iii the same field that we oin no longer regard 
fertilization as an indisiiensable condition of develoi)ment even in 
the case of eggs which do not naturally exhibit the phenomenon 
(»f ]>artheiiogeneHi6. These ex[>eriuients may also throw some 
light u|)on the pmcess of nonual fertilisation, especially as 
regards the nature of the actual stimulus which causes the 
fertilized egg to l>egiii segmenting. 

The casting out of polar Ixtdies during the maturation of the 
ovum led many of the earlier olwervers of this phenomenon to 
lielieve that the matured ovum is inca))able of development 
l>ecauso it has an im))erfect nucleus, the imjKtriance of the 
nucleus as taking the Iea<l in cell-division having Ixten established 
at a companitively early date. The im[>erfect nucleus of the 
matured ovum was terme<) the female pronucleus, and it was 
sup)>osei:l to l>e converted into a perfect segmentation nucleus by 
union with the male pronucleus brouglit into the egg by the 
spermatoziHtn (Fig. 64), and the power of cell-division was sup^ioeed 
to rosult from this completion of the nucleus. The ol>ser vat ions 
u[K)n which this lielief was )>aueil were perfectly correct, hut the 
conclusions drawn from them have not Iteon sustained by recent 
investigations, for in cases of artificial {tarthenogeneuis development 
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taLt» pUce id spite of the taet that redaction of the nadeus of 
the ovum has oeeami in matantii>n and has nol been made 
good hj onion with the noeleos of a spermatoaion. 

In cases of panbeoogeneeis it is clear that the developing 
organism is prorided only with maternal chromosomes, bat we are 
now also acqoainted with eases which form the exact converse to 
this, only paternal chromosomes being pr^nt. Soch cases may 
arise when an ororo is artificially enucleated, so that all the 
maternal chromosomes are removed, and then fertilized by a 
spennHtozoon. It has actually been fonnd possible in this way to 
indace the flevelopment of enacleated eggs, and the phenomenon, 
our knowledge of which we owe mainly to Delage, is known as 
merogony. Althnagh it is obvions that, as a resolt either of 
Artificial parthenogenesis or of merr^ny, the developing organism 
may stnrt life with only half the normal nnmber of chromotionies. 
it iH itoHHililH that, as maintained by Delage, this nnmber may lie 
HulMM|ueiitly ilouliled in some way. 

It cannot therefore l*e the union of male and female pronuclei 
that furnislieH the stimulus to development ; this union, or 
amiiliiniixiH an Weismann terms it, has another significance, and, 
OS we hIihII see later on, is most probably connected with the 
trimHnuHHion of inherited characters from parent to o&pring. 

lioveri, followed by other oliservers, has put forward the view 
tltat th(! unfertilized cfiK cannot develop because the eentrosome, 
which iH to 1)0 re^iirdiMl lut the dynamical centre of the cell, has 
Ikioii i;1iininiit(^l during; the process of matnratioo. It is the 
s]Hjriniito7.ooii thiit, in the net of fertilization, brings with it 
the ccntrosonie upon the nctivity of which the cell-divisions of the 
fertilizMl eg^; de)»trid. This is probihly jterfectly true in cases 
of normal fiirtilizulion and development in animals, but the view 
that the eontrosomo of the sperniatozoon supplies the essential 
HtiniiiliiH to dovulopment seems to lie hoj>elessly negatived by the 
pbiinonieiiii of parthftiiogenesis, in which new centrosnnies 
nndoulitiMlly tiriso in unfertilized eggH. 

It Mii'.iuH therefore as if we wore for the present thrown luivk 
U]Mi)i LiKib's bvjwthesis of a chemical ntinmlus, which he main- 
tains for normal fertilization as well as for artificial partheno- 
genesis. In the fiirnier case the nttcitssary chemical substances 
lire Hup]HiHe(l to l)e brought in liy the sjiermatozoon. Loeb 
lielieveH that tlieni am two of these sulistaiiccs. One, which he 
terms n lysiii, is supposed to bring alxnit the formation on the 
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surface of the egg of the " fertilization membrane," while the 
other is Buppoaed to prevent the cytolysis or disintegration of the 
ovum, induced by the formation of the fertilization membrane, 
from going too far. It remains to be seen whether this " lyain 
theory " will stand the teat of time. 

What it is that stimulates the unfertilized ovum to develop in 
normally occurring parthenogenesis we do not yet know. In 
most CAsee of tliie kind the procefis of maturation seems to dififer 
more or leas from that which takes place in e^gs which are 
destined to be fertilize<l by a s[>ermatozoon, and it may be that 
these difiTerences have something to do with the jmwer of the egg 
to develop partbeuogenetically, hut the discussion of this very 
ditScult problem is altogether luyniid the HCo[)e of the present 
work. 
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Vatiation— Merifllic nnil pulistaiitivo variatiuos— Fluctuntions niid muta- 
tions —SoinatogEiiiic and blaHtugeiiic variations— Origin of blostogenic 

variation H. 

Thb term vmiation is used in more thfin one sense ; it luiiv 
be defined in the first instance as the proceBs whereby closelr 
relnted orpaniHins come to differ amongst themselves. It is a 
matter of everj-day exijerience that neither animals iior ptttnts 
exliiliit a)>H(ihitely fixed and constant characters, which are 
Iianded on without alteration from parent to offspring. This 
is very well seen in the case of human families, in wliich 
there in rarely any difficulty in distinguishing the different 
nieinl)ers hy more or less prononnced and characteristic 
individual traits. One may be fair and another dark, one short 
and another tall, one with brown eyes and another with bine, 
one clever and another stupid, and so on. In this way tliey vary 
amongst themselves and deviate from the common parents of the 
family often to a very considerable extent, 

AVe cannfit, however, avoid extending the use of the term 
variation from the pmcess itself to the results of that process, 
and speaking of organisms as exhibiting variations, but this usage 
is not likely to cause any confusion. 

Variations are of many kinds ami may be ctasaified in different 
ways according to the jMiint of view from which we regard 
them. 

Moristie variations, which are variations in the numlier of the 
rei^ated parts of an organism, are sometimes contrasted' with 
substantive \-ariationB, which depend upon the structure (in- 
cluding sha])e, size and colour) of the organism or its parts. 

Small Huctuating or continuous variations, which fluctuate 

■ HiKeson. " Materials for llic Slmiy ol Variation.'" (MBCmillan & Co., London, 

isai,) 
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Al)out a mean or average condition, ore contnittted with larger 
diHuontiimous variHtioiiB, or mutatioDs. 

Somatogenic variiitions, which affect the body of the 
organism and are ac<iuiretl in tlie life-time of the individual, are 
contrasted with blastogenie or germinal variations, whicli arise as 
a consequence of some modification in the germ ceils. 

These three methods of classification oliviously overlap>one 
another. Thus a raeristic variation may be continuous or 
discontinuous, somatogenic or blastogenie, and bo on, but it will 
be convenient to deal with each group separately. 

Mfiintic or Numerical Variations. In a very great number of 
organisius certain jmrts are repeated with a greater or loss 
degree of regularity and constancy, and it is upon this repetition 
that the symmetry of the orgaiiisiu very largely depends. An 
ordinary star-fish, for exanqde, is radially symmetrical, with live 
similar arms or rays radiating from a common centre; meristic 
variation, liowever, not infrequently gives rise to six-rayed 
individuals. The common jelly-lish, AureHii aiirita, again, usually 
has four principal nidii, but specimens are occasionally found with 
two, three, or six. 

All vertebmte animals, on the other hand, and many inverte- 
bnttes, are bilaterally symmetrical, and at the same time ineta- 
merically segmented, i.i-. with re)tetition of similar parts in linear 
series <me liebind tho other. The vertebral column, for example, 
is made up of a larger or smaller numljer of morphidogically 
ccpiivalent units, the vertebrtu, to which the ribs are attached in 
linear series on each side, and the limbs are arranged in two pairs, 
in each of which the same fundamental structure can l>e traced. 
Many instances occur in different aninutls of variation in the 
numiier of vertebnw, and in man the occasional occurrence of 
tiiirteen ribs instead of the normal twelve on each side is well 
known. Oases of polydactylism, or the development of extra 
digits on hand or f<K)t, also conio under the head of meristic 
variation. 

In the vegetable kingdom, wliere the roix^lition of similar 
parts, BHcli as the luaHots of leaves, is even luore conspicuous 
than aincmgst annuals, meristic variation is again a common 
phenomenon. A clover leaf, for example, normally consists of 
three leaflets, but the occasional discovery of a s|>ecimen with four 
has l)eon a source of satisfaction to su{)erstitions folk from time 
iuiineniuriai. We meet with similar variations in the number 



Digitized byGoOgle 



150 OUTLINES OF EVOLUTIONARY BIOLOGY 

of petals in flowers and the number of flowers in inflorescences. 
An example of this will be given later on in the case of the 
grape hyacinth. 

SiibntantU-r Variations. Examples of this type of variatiou are 
seen in the Bha)>e, size and colour of the human body and of its 
various parts. The total height of the individual, the 8hai>e of 
suoli features as the nose, ears and fingers, the colour of eyes 
and hair, are all subject to very great variation. The same is 
true of the shape and size of leaves and the colour of many 
flowers. Numerous j>hysiological variations, which doubtless 
depend upon unrecognized and j)erhapB unrecognizable differences 
in structure, may also be classed under this head, as for exniuple 
the vtiriatioiis in the egg-laying powers of fowls and the milk- 
giving powers of cows, and in the percentage of sugar iiresent 
in the roots of the sugar beet. 

FUictaating Varmiiimit. The variations which come under this 
heading are also spoken of as normal, individual or continuous. 
They may be either m eristic or substantive. They are 
characterized by the fact that they pass into one another by very 
minute or even insensible gradations, which fluctuate on either 
side of a mean or average condition, bo that the extent to which 
a given organism (or imrt of an organism) varies can be 
grapbically represented in the form of a cur\'e. Fluctuating 
meristic variations lend themselves must reiulily to this graphic 
method of treatment, for all we have to do is to count the 
nuniericalty varying parts in a suflieiently large number of caBes 
and i»lot our curve accordingly. 

The manner in which this is done is represented in the 
accompanying diagram (Fig. 72), which expresses graphically the 
results ohtiuneil by counting the num)>er of flowers in 202 in- 
rtoreHueiices of the common grape hyacinth {Mutcari sp.). The 
nunilwr nl tlowers in an inflorescence ranged from 20 to 42, and 
the numlHir of in florescences showing etich of the different numbers 
of flowers ranged from 1 to 2il. 

The base line of the diagram is divide<l into a number of etjual 
parts {abscissii') corresponding to the numlKjrof flowers (from 20 
to 42). At one side an ordinate is erected on the base line and 
divideil into a number of etpial jmrts corresimnding to the 
nunil»«;r of tlie individual inflorescences {from 1 to 29)l)earing the 
different nuiiiUirs of flowers. Lines arc then ruled parallel to 
the iNise lino and lo the ordinate reH{Kictively, so as to divide the 
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paper into a number of eijual squares (or the proceeding may be 
simplified by working with already squared paper). The diagram 
is completed by shading in an appropriate square for each 
inllorescence, the jxisition ot the square being determined by the 
number of flowers which it contains, and by the number of 
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V\a. I'l. —Fluctuating Variation in TnlloreHConcos of tho 
OraiH) Hyacinth. 

Kiniiliir intloreHcences which have preceded it in the enumemtion. 
Tlius an inllorescence with twenty-five flowers must l>e repre- 
sented by n square added to the column a)>ove the nnmlMir 26 
on the base line, and so on. If now we join the middle points of 
the tops of all the columns by straight lines, we get a zig-zag line 
which represents the curve of variation as determined by our actual 
obuervationB. It is obviously a very imperfect result, but its 
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iiii|>erfectioii is uiK]oubtedly due in the main to the fact that the 
niiml>er of observations upon which it is based has not been 
sufficiently large to give a fair average. 

The larger the number of individual cases examined and 
i-eeorded the more closely will our zig-zag line approximate to 
a regular curve. Even as it is, with all its imi>erfecttons, it 
shows certain very characteristic feattirea. It rises steeply 
in the middle anil fally away from the highest point, at first 
suddenly and then more gradually, on either side. This is a 
graphic representation of the facta, (1) that the most fre<xiiently 
occurring nunilier of Howersin the intiore8eence(28)lie8 not very 
far from midway between the two extremes, and (2) that the 




I'lO. 7a. -Fluctuutiug Variation in Ilumati St&turo. (From T>i>ck.) 

more the number of flowers deviates from tliis mean on either 
side the smaller is the corresponding iiuml)er of inHorescencea ; 
or, to put it more generally, the number of individuals exhihitiiig 
any given degree of deviation from the mean condition of the 
species is inversely i>ro]>ortional to the amount of that 
deviation. 

Fig. 73 is a diagram constructe<l on the same principles as 
the alx>vo, but based upon Uitally different material and a very 
much larger number of oliser vat ions. It is taken from Mr. It. H. 
Lock's work on " Variation, Heredity and Evolution," and shows 
the variation in stature observed am<mgst 4,4-2fi British memberB 
of the University of Cambridge. The dots in this diagram 
correspond to the middle [xiintsof the tops of the vertical columns 
in the preceding one. The statures are reckoned in the nearest 
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wliole numbers of inches. It is clear that a zig-zag line formed 
liy joining the dots in the diagram would approximate fairly 
cIoHely to tlie curve actually drawn. 

Such 11 normal curve of variation threes very closely with what 
mathematicians term the curve of frequency of error, which is 
the graphic representation uf the mode of occurrence of chance 
deviations from a mean or average and may be derived from the 
theory of probability. 

Such a curve may be experimentally produced by drawing a 
verticil! line on a target and firing a large number of shots at it. 
There will be a more or less strongly marked tendency for the 
shots to hit the line, depending ui)on the skill or otherwise of the 
marksman. Most of tbem will probably strike to the right or 
left of the line and fairly near it, but a few will probably be 
very wide of the mark on either side. If the distances of the 
striking places from the vertical line be measured and tabulated 
the result may be expressed in the form of a curve which, if the 
num))er of shots l)e large enough, will probably closely resemble 
the curves described above. 

The fact that the normal curve of fluctuating variation for any 
kind of organism is practically identical with the mathematical 
curve of frequency of error suggests very forcibly that the 
variation in question is due to chance or accident causing each 
iiulividual in the course of its development to depart more or 
less from the mean or average condition of the sjHicies to which 
it Iwlongs. These deviations must <le[)end u{H)n numerous factors. 
They are to some extent, no doubt, due to the direct intinence of 
the environment, such as the effect of nutrition ujHm the size of 
the organism, but they may also de]>end largely ujkhi the vary- 
ing characters of the germ cells from which the organism 
develops, and es]>ecially uiwn the permubitions and combinations 
of characters which happen to take place in the maturation of 
the germ cells and in their sexual union or amphimixis. 

In short, the general tendency is doubtless for eticb individual 
to conform to the type of the 8[>ecies to which it Imlongs, hut 
many accidental circumstances combine to prevent the realization 
of this tendency and deviations from the type (or mean) take 
plitce in accordance with the laws of chance. 

MutalUms. The term mutation, or discontinuous variation, is 
ap^iliod to tite process whereby new and more or less conspicuous 
characters appear suddenly and s{>ontaneuusly, without any 
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obvi<>iif KAft^'D. In extreme cases the organinus exhibiting each 
uinbiuon ar« often spoken of as sports or nioustrosities ; the 
Utt^r t^nu. b<iwe\'er, is also freqaently applied in the case ul 
puivly artificial modifications, which mnst not be includetl iindeT 
ihL^ htading. Such artificial luodifications are not, at any rate 
:id a ruW, iuLerit*J by fnture generations, while true mutatiuiiB 
u?u.-illy. if ui:>t iurarialily, ar«. 

Mukiti<>ns differ fmui duetuatiiig variations not only in thtit tbey 
oMiMlly deviate wore widely from the type of the 8i>ecte-ti, but 
aljit iu tht* much greater rarit>' of their occurrence and in the 
fai-t tluit they di> not fluctnate about (he old mean or »Teragt; 
ixxidiii'-ti : iifVfrthel^iid it may be questioned whether we ciin 
l>',:ii«.-:iUy itraw a hard and ftist distinction between the two. 

Mtiuitii>ns may lie either meristic or substantive. Human 
bt-iiii^ with ^ix fingers or toes, in place of tlie normal five, 
are iii>t infre<{ueiitly met with, and this meristic mutation (hesa- 
d:ti-tyti>iii t !:s well known to be transmitted by heredity. 

Yhf i-la:s^ii.^tl instjiDce of the Ancon or otter sheej), nii the 
^>t]it>r liaiul. affords one of the best known examples of Bubetantive 
:>iu!;tti<<ri. To quote the words of Huxley,' " It appears that one 
skill Wright, the projirietorof a form on the banksof the Charleti 
liivt-r. ill M:k>Nii.'hu^'tts. {K>ssessed a fiock of fifteen ewes and a ram 
of tilt' onliiiary kiud. In the year 1791, one of the ewetj pre- 
S(.'t)u-(I ht-r kwikt with a male lamb, differing, for no assignitlile 
teas.'!), from its inireiits by a proportionally long Ixxly and 
E'bort Kiiidy le^^. wbeiK-e it was unable to emulate it» relatives 
ill tin'se si5i>rtivf leap?; over the neighbours' fences, iu which they 
wtTf ill the liiii'it of indulging, much to the good fanner*s vesa- 
tiiin." The iiiheritiUK-e o! this [leculiarity was so strong that 
tlii^i single iiidiviiliuil actnally liecame the starting point of a new 
liretnl. 

Miitati<i)ts. more or les.s pn>iinuiiced in character, are altM not 
iiifiei{nently met with in tlio vegettible kingdom. Foxgloves, for 
example, are somutimes fmind in which souie or all of the t>etali> 
aro ciiiivertfMl into Ktaniem;. and it ha» been proved by experi- 
ment that this peculiarity is handed down from parent to 
offspring. 

I'rofenwir Hugo do Vries has, as is well known, made a Bj>ecial 
Ktndy of mutation tunongst plants. In the year 1886 this dis- 
giuHlKid l>otanint found a lurgu numlHir of Hj>ecimenH of the evening 
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primroBS, (Enothera lamarckiana, growing in a field near Aiimter- 
diiiu, wliitlier they h>id luade their way from a neighbouring 
garden. The plants were in a state of intense variability and their 
seeds gave rise to several quite distinct new foriiiH, which, if they 
had occurred in a state of nature, would have been considered 
as separate Bj>ecies.^ Professor De Vries attributes grout import- 
ance to mutations as the starting points of new species, which be 
iMilieves to arise in this sudden manner rather than by fluctuating 
variation." We shall discuss this point in a sulu^equent chaptur. 
The (lifTereuce between fluctuating variation and mutation is 
sometimes illustrated by means of the model known as Galton's 
lW)lygon (Fig. 74). A thick slah of wood is cut into the form of 
a [Milygon, with unequal sides and uipabte of resting in a position 
of more or less stable equilibrium u)K>n any of its edges, the 




Vm. 74. — Mixlel of u Poly)^ii in tw[> I'lwitiiiiiH, tlliit<tnktiii>; tbo IfilTcroiKio 
between Fluctuutiug Vuriutiuu aiul Mutiitiuii. 

degree of stability depending u[K}n the {H>Hitit>ti of the centre of 
gravity al)ove the edge upon which it rests. 

The polygon may l)e 8upjK>sed to represent an organisai, or 
rather a numlwr of successive generations of an organism, 
whose stability (or tidberence to type) tends to lie more or less 
disturl)ed by the unknown factors which cause variation. If the 
miHlel Ite pushed it may be made to rock liackwards and forwards 
on eitlier side of a, mean oraverage jKJsition, and if the oscillation 
does not exceed certain limits it will return to rest in that jH)sition. 
This oscillation may Im com))ared to fluctuating variation. If the 
disturbing force t»e sufficiently great, however, the model will topple 
over into a new )K>sition of stability and come to rest on another 

' Gotrtiilcrnblf doubt Iihh, Imwctpr, Iwn llmiwri ii]nin the iiiler|nrltil ion rit lliem- 
irlHivrviLtiDiuh Uii! nwutlK iHiiD^c <'r>tirviTnbly iliir ti> till' Hjililtiiiu ii)i iif mhiic iinkmiwn 
hjliriil foim. surh an\* well kn»wii lo Inlti' pliirf in otWr riuii.ii (wi- Clmpli'r XIV.). 

■ "Tht: UulKtioD Theury." TntiiH- 1^ Knriiifr mill I>nrl>uliire. Iiiiiiil'iii. l!ll<i. 
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edge. This maybe compared to the process of mutation or (litMxiii- 
tinuous ^'ariation. whereby an organism acquires a new ty|>e of 
structure. 

Concerning the forces which bring about matation in argHnitituit 
we know little or nothing. It is possible that in sonie caties the 
mutation may be gradually prepared within the genu cttlU long 
before it manifests itself^the final upsetting of the ef|uilibriiiiii 
only taking place on the addition of the last straw. If such li- 
the catte there is no need to suppose that mutations differ 
esHentially in nature from small, fluctuating variations. Tuwer'b 
oliservatioiis on the artiliciul production of mutations in certain 
Ixititles, howes'er. indicate very clearly that such modificHtioiis 
may apparently arise (juite suddenly as the result of some uliange 
in the environment acting directly upon the germ cells of the 
[Hirent. These obser^'ations will be referred to again ut the clfise 
of the present chapter. 

Siimattifieiiif Variations. Oiaracters are said to lie somatogenic 
or "acquired" when they arise in the life-time of the individual 
exhibiting them and owe their origin to the direct iiiHuence of 
the environment uimhi the soma or body. They are, usually at 
any rate, not transmitted by heredity to succeeding generations, 
except |>L>rbiips to a very limited and inappreciable extt^nt.' 
Uniier this heading arc included the effects of use and disuse 
of or<;ans, and numerous cases in which mo<Iitiattions of the 
Ixidy art) arliliciiilly produced, as w«ll as those in which they art- 
due lo niLtunil causes. 

AiiKingMt the effects of use and disuse we may mention, on the 
mu: band, the enlargement or the atrophy of si»ecial orgium con- 
sciiuunt ujion the extent to wliicli they are employetl, and, on the 
other, tlie clTtKits of educiition. The nniscles of an athlete may 
Ixi greatly increased in size iiy constant use, and similarly if one 
of the two kidneys l-e removed the other, having more work 
thrown ujHin it, ix-comes encrniously enlarged ; but we should not 
ovpitctthiMii modifications tiilnjhjiniled on to the next generation. 
Obiliiren liave l>et;n titiight to spwik ever shice man first Inx-rtnie 
dillerenliatwl from his spe<!chless imcestorH, but every child hiis to 
learn the art unew and if brouKht np amongst foreigners will 
come to siieak a language different from that of its parents. 

The small feet of Chinese ladies and the slender waists of 
many Euro[)cans are artilicially produced somatic modifications 

1 Tliij. iii:iv !"■, liowvviT, 11 verj imlnirl;iiil ti<v[itkni. 
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wliich are well known not to he inherited. They are merely 
diHtortioiis, elfected hy easily recognizable mechanical agencies. 

Much more remarkable and difficult to understand are those 
cases in which the addition of specific chemical reagents to the 
water in which aquatic larvie are developing produces such 
definite and oxtonaive modifications of structure as to give rise to 
veritahle monstrosities. The " Lithium Jarvje " of sea-urchins and 
frogs have long Iwen known and more recently Stoekard has 
descril)ed ' the " Magnesium larva " of the fish Fniidiihiii lietao- 
rlHuit (Kig. 75). He found that, when the developing emhryos 
of this fish are subjected to the influence of magnesium Halts 
dissolved in sea water, a large percentage of them acquire a 
"cycloi>ean " character, with a single median eye in place of the 
ordinary pair. Such embryon may hatch and swim al>out in a 
)>erfeetly normal manner, but it is not known whether they can 
be reared to the adult condition. These observatioim Ream to 
indicate that the cycloi>ean monsters which sometimes occur in 
man and other mammals may also !« somatogenic variations due 
to some unknown environmental influence. 

mastuficukorilirmittal VniiHliniiit. In tliis category are included 
those variations which are l>elieved to owe their origin to some 
mo<lification in the germ cells from whicli the organism 
exhibiting them has devel(>|)ed. 

It is im])ortant to oI>serve that the term congenital, sometimes 
use<1 in this connection, is not synonymous with blastogenic, for it 
is obvious that animals which, like the nuuumalia, remain within 
the womb of the mother during the early stages of development, 
may come to develop purely somatogenic characters Itefore birth, 
due to environmental influences acting in uli-ro {r.t}. poisoning of 
the fii'tus due to parental alcoholism). 

It is very tbuihtful, as we have already said, whether we 
can really draw any almolute distinction l>etwecn blastogenic 
and somatogenic characters, and it seems by no means impos- 
sible that somatogenic modifications may sooner or later 
make an inii)reKBiou u|X)n the germ cells and thus ultimately 
iMicoine blastogenic. This jwiiit, however, will l»e discussed 
later on. 

Blastogenic modifications arc from tlioir very nature as 
attributes of the germ cells handed on by heredity from gene- 
ration to generation. All true mutations must lie reganle<l as 

I " Joiirual t>t Ei[>crimciitnl ZtMlugy," Kvbniary, 19011. 
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l-'iii. I.y- -l-'reo-Hwimmiiif' I^rva^ of Fun'liihif hrtemrlUiu. (From Stuvkonl.) 



Iiir«iii|i1t'li-ly FyrlciraiHi Una, with Dip two ryr 
UHiiiilly tnki-n !>>' tlu> iiixulh. 

<:. (\.iu|.l..t..|y .■j-.'l.iiH-.u l.n«. wilh .iiiclo niil..r..-.ii.-di.ii vy 
D. \M.Un\ iiN]Hv[ "f Hikiiu', .ImwiiiK thp vtiilnd mPUtli (M|. 
K. Ventral iiKiK-cL i>f fiaiiiv ; yt, yiilk xac. 
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lilnstogeiiic and many so-cnlled fluctuating variations may also 
perhaps belong to the same category. 

The modifications of the germ cells by virtue of which the 
offspring come to diflfer to a greater or less extent from their 
parents are, as we have seen, often attributed in large 
measure to permutations and combinations of different characters 
which take place in the sexual process (amphimixis) and the 
precedin^r nuclear reduction. It has long been suspected, how- 
ever, that the germ cells themselves, apparently independently of 
the l>ody in which they are enclosed, may lie influenced by the 
environment to which an animal or plant is exposed, and the 
ol)servatioiis of Tower' upon beetles of the genus Leplinotama 
may be referred to in this connection. 

This observer considers that all permanent variations in these 
Iteetles, so far as can l>e discovered, arise in the germ cells and 
are in no wise the results of inherited somatic .(nodifications. He 
attributes their appearance to the direct action of the environment 
U{>oii the germ plasm and supports his views by a series of very 
interesting experiments. He subjected the parents to environ- 
mental stimuli of various kinds during the growth and matura- 
tion of their germ celts, and then, after the ova had l>een fertilised, 
allowed the development of the young to take place under normal 
conditions. The parents, having already reached their final state, 
were not themselves visibly affected by the stimidi, but a large 
percentage of the offspring showed surprising modifications 
which were strictly inherited. These modifications appear to lie 
in no way adaptive. They seem to l>ear no relation to the nature 
of the stimulus which calls them forth and to l>e of no value to 
the organism in the struggle for existence. 

We may cite one example of Tower's exj>eriuients. Four males 
anil four females of Leptinotaraa ilcn-mliiienta (the potato Iteetle) 
were exivised during the earlier part of the laying periwl (the 
eggs Iwing uuitured and laid in successive batches) to extremely 
hot, dry conditions liccompanicd hy low atmospheric pressure. 
The eggs were removed as soon as laid and reared under njitural 
conditions. From 506 larvie thus reared Dfi adult I»eetle8 were 
obtained, of which 62 were of a form known as paUuhi, 2 of a form 
known as immanilothorax, and the remainder unmodified. During 

' " All IiiivHtiiniliiiii of Kvnliit 
Unui," lijr Willinm Ijiiirctiu: Ton 

Wiullillr-ION, l»i>i.) 



Digitized byGoOgle 



160 OUTLINES OP EVOLUTIONAKY BIOLOGY 

the Iftter part of the laying period the same parents were kept 
under normal conditioDB and yielded S19 eggs from which 61 
normal beetles were obtained and none of the other forms, and 
these normal beetles continued to breed true for three generations, 
after which they were killed. 

The two specimens of the ivimaniliitborax form obtanie<l in 
the earlier pnrt of the experiment unfortunately died from 
disease, as also did all but two of the pallhia. The remaining 
two, however, both being male, were crossed with normal 
females, yielding hybrid offspring with the ileccmiincata charac- 
ters dominant, and these hybrids, breeding inter »e, gave off- 
spring which separated out in a characteristic Mendelian fashion' 
into ]>aUlila, tlfccmlim-ala and hybrids again. There can ■« no 
question therefore that the pallida characters, first due to modi- 
fication of the germ cells by the action of changed environment, 
were strictly heritable. 

It should lie i)))served that the forms jMllitfa a.nA immavtilnthoraj^ 
also occur occasionally, hut rarely, in a state of nature as B{>orts 
or mutations, a fact which suggests that sports or mutationH in 
general may owe their existence to the apparently direct action 
of the environment upon the germ cells. It is, of course, i>osBihle, 
or even probable, that the change in the environment merely acts 
as a kind of liberating stimulus, which enablescharacters already 
latent in the germ cells to express themselves in the developing 
organism, which, under normal conditions, they are unable to do. 

We shall have to return to the question of the origin of hlaeto- 
genic variations in future chapters. 

' SeeCh-iptorXlV. 
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CHAPTEll Xir 

Ucivility - (roiicnil oliiterviiliiini< - Diirwiri'H thoiiry of {mn;^tiCKiH Eind 
WuiBiiiiiiin'x IhtHiry of the ciiiiti unity iit thu ^'criii iiliiMm The iiucleua 
UH the bearer of Jnherititblu chitructvrx. 

Whkn we study thu lifu hixtorieH of the unictilluliir Protiets 
wo iind iiiirtiiilvuu fiiee to fiice witli tliu prohlttiii of heredity in 
its HiiiipIeKt fonii. The Aiiiii'lui iliviilcis into two ptirtti hy simple 
fmMion, thu division of Ihti cell lx)dy liein^ preceded hy that of 
the nucltiiiH. The two diiii^^hter cells exiictly resemble one 
ikiiiithur, iLnd, except in point of Hize, iilso reuenible the piirent, 
while tlie hitter cetises to exiut as iiii individual in the vei'y act of 
reproduction. Here we may siipjiose thiit we are dealing with u 
division which in qiiiilitntivB as well as cjnantitative, that every 
organ iMissesaod hy the parent cell is divi(Ie<l into two situiltir 
parts and the total iiilieritiitice thus fairly ap{)ortione<) l)etween 
the olTspring, which will therefiire Im exactly similar to one 
another and will need only to feed and grow in order to iHicome 
exactly similar to the [>arent. 

The young Annehie may he sup|iosed to resemble the pai-ent 
Iwcause they arise by duplication of the parent and of its organs ;' 
moreover, there is a jjertect eimthiuity of the living siiiiMtanue, or 
protoplasm, t)f which the Ixtdy is coniiwsed from one generation 
to the next, and the whole of the Iwdy of the parent is used up 
in providing the iHjdies <»f the offsiiring. Thus, although the 
individuality of the (uirent comes to an end, the Amcclia never 
dies, for there is never anything left over to die, anil, luirring 
acci<leiit, it goes on multiplying for ever. We have here a 
typical illustration of the so-uiII(hI immortality of the Protista. 

The case is very dilTerent amongst the higher plants and 
animals. Here, as we have alreiuly seen, each individual starts 

1 VVr (iiniiui, liiiwi'viT, ^llly lliis of :ill TriiiiHiA, fur lii iiiany ciscs llii- iliviximi 
tukm iiliiL-uiwymiiii'lriciiliy nnil i-n'iri-l,vni-wi>ri.iinHbiivu ti> iH^rormcd by imuor Initli 
iif tlltMla■lKl■<u■'"'»>■.a<^ f'T eiiiiii|>le. ill Uiu rn>ni.vunu ti^*u<>ll»^ lb ><l< ■(>'■){. »S. [i— F). 
Ill MiiHi luiHOH it liiiil(« BH if (hi: iiuHviK niiKlit bt llie mill MHtl ol tin- iiilnTiliil 
lL-ii>i.-ii>-i(«, ,u.il nit if il »'L>n' -.Me, by it» iiiMti.-iKV. lu inoul.l Mil- <liiiit:hl<'r .rll iiili. 
(iH'fiirni p[ ihc jmri'iil. 
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itB life as a single cell — the fertilized ovum or Kys<»to — wliicli is 
strictly eoinjiamble to a iinicellulnr protistaii. Like tlm AiiKflu 
it divides (under fnvournble circuiuKtiiiices) repeatedly. l>ut tlie 
prodiictu of division, inutead of sepurutiiif^ from one another and 
going each ite own way as an independent unicellular organism, 
all remain together and co-oi)erate with one another to form a 
multicellular Ixidy of greater or less complexity. The ctills of 
which this Imdy is eoni|Mi8ed become differentiated and Kiteuiiilizol 
in various directions. In so doing the vast majority of them 
lose their faculty for indet>endent existence, and when their jM>werK 
of division have Iwcome exhausted the tissues into which they 
are combined become worn out and ulthiiately die. TIiuk the 
body or soma, as a whole, must suffer death sooner or later. The 
only cells which are, even potentially, exempt from tlii» fate are 
the germ cells. These, instead of liecoming highly s[>ecialized 
constituents of the soma, remain in the condition of more r)r Ifna 
inde[)endent Protista, and have the power of separatinf^ »<>uiifr 
or later from the parent body. Like most of the Protitita 
they have also the habit of conjugating in pairs and thereby 
renewing their powers of cell -division, and thus arise the zygotes 
or fertilized eggs from which the new individuals take tiieir 
origin. 

The eggs from which the individuals of different kinds of 
plants and aninialts arise are for the most [tart extraordinarily 
similar to one another. The ovum of a rabbit, as we hiive 
already seen, is a miimte nucleated mass of protoplasm aUxit 
^!,rith inch in diameter, that of a luimati lieing is a similar hut 
somewhat larger cell, and if the ova of a hun<lred different kinds 
of mannnals were mixed together it would )>e an extremely 
dillicult, if not im{)osHible task to sort them all out, even after 
the most minute microsco|)ical examination. Even where con- 
spicuous differences exist, as Iwtween the eggs of a mammal and 
those of a hird, these are due almost entirely to the development 
of accessory features, such as protective i-nvelo|)es and food-yolk, 
which have little to do with the nucleated mass of protoplasnt 
which constitutes the really vital part of the egg. Yet each kind 
of fertilized egg, if it develop, will give rise to an organism 
resembling the iiarent from whitli it was itself derive4l. More- 
over, the resemblance will not !«■ merely a general one, it will lie 
siwcilic, nod pridwhly even more than specific, for it may include 
minute individual characters i>eculiar to one or other of the 
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gtarotits. Everyone ia fimiilmr with ctmos of this kind. It may 
Im uoiiiu iiltnormulity of fingem or toes, or a lock of white liiiir in 
some siieeinl Hituatioa in n diirk-lntired niiin, or oven sonie 
trifling nervous habit, tlmt is thus indelibly iiuprosHed ujK)n the 
urgaiURin iind handed on from one generation to another. 

Inasmuch as t)ie only possible connection between parent and 
offspring is (in most cases) tliniiigh the germ cells, it follows that 
there must be something in theue germ cells which, so to s[)eak, 
represents all the inheritable characters of the parents and is 
capable of giving rise to a repetition of these characters in the 
course of individual development. 

Two sharply contrasted views as to what takes ]ilaue in the 
development of the egg were maintained by the older embryo- 
logists, and, in a mixlitied form, survive to the present day. The 
so-called " evolutionists," or " pre-formationists," maintained 
that the egg contains in itself a complete miniature of the 
organism into which it develops, and that the process of 
development consists simply in an unfolding (" evolution") and 
growth of this miniature. This idea, of course, carried to its 
logical conclusion, involves the further supi>03itioii that every 
egg contains in miniature the l>odies of all future generations, 
like nests of boxes one withiu the other. 

In iip[x>eition to this view the upholders of the theory of 
" epigenesis " maintained that there is no pre-forniation of organs 
in the e<^ but that the different parts of the adult organism 
l>ecome gradually differentiated from the simple undifTerentiated 
ovum during the course of development. This view, which is 
said to have originatttd with Aristotle and was strongly sup[H)rled 
by the great pioneer enibryologist C. F. Wolff alxmt the middle 
of the eighteenth century, almost entirely superseded the crude 
ideas of the pre-formatii mists, but at the present day the latter 
are Iieing revived to some extent, but in a more relined form, au a 
result of modern ex]>eriments in embryology. It cannot Ihi 
disputed that in wmie cases certain parts of the lulult organism 
can l>e traced back to corre8|Kmding portions of the egg, which 
cannot therefore lie entirely undifferentiate)!, and it is proliitbte 
that in the ond the truth will I>g found, as in so many other 
atses, to lie in a compromise Imtweon the two extrenie views. 

The groat problem which has to lie solved by any theory of 
huHHUty is — How do the apjwirently simple germ cells of a multi- 
cetlular organism come to Ih3 representative of all the other 
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cells of the Imdy, so that whnii they develop they will give 
rise to ail those different kinds of cells tirning«d in the sjiiue 
Wfty as in the parent'^ We must now hrietly consider aoiuu 
of the niiineriitis iittenipts which Imve been nnule to answer 
this question. 
v^ Darwin, in 1868, jmt forwiird his theory of PiuigetieKiu an a 
pruvisiontil hyjMitliesis tii explain the facts of heredity, and this 
theory, thoiif^h it seems never to have met with any larse 
tneasiire of acceptance, is of considerable historiuiil iiiti^rest.* 
He supposed that all the constituent cells of which thu IxhIv is 
composed not only multiply hy ordinary cell -division, so tis to 
huild u)i tlie viU'iouH tissues, but also, throughout lifts, {^ivt; off 
extremely minute " ^enimules " which wander througii the IxhIv 
and are ctdlectt^ in vast numbers in the {;erm cells. Tlif 
gomniules, although so small as to \>e invisible even with the 
highest powers of the microscope, ai^e supposed to bo ciipuble of 
;il>sorl>in}{ initrinient and multiplying by division, and each one 
is supposed, in some mysterious and unexplained luainiur, to 
represent the iKiiticular cell of the body from which it was 
derived, and to be ca{iahle, at the proper time and in the prtj^ver 
place, of impressing the character of its parent cell n{H)n a 
corresponding coll of the new organism which develops from the 
germ cell. 

In Darwin's own w<irds : — 

"The dc.vel(i|)nicnl of each being, including all the fornix of 
nietiimorphosis and metagenesis, depends on the presence of 
gemnuiles ihrown off at Ciich period of life, and on their (.levelon- 
meiit. lit a corresponding period, in union with preceiltng cells. 
8ncb cells nniy he said to be fertiliKiid hy the gemnmles which 
come next in due order of develoimieiit. Thus the act of 
ordinary impregruilion and the <level<jpment of each jiart in each 
being ari; closely nnalngous jirocesses. The child, .strictly 
s|H;aliitLg, dues not grow into the man, hut includes germs which 
slowly and jimcessively beconm developcil and form the man. In 
the child, as w<'11 as in the adult, eticli part generates the saine 
part. Iiihi'rilanco must be looked upon as merely a form of 
growth, like Uic self-division of a lowly organize<l unieelhtlar 
organism. lievtirsiiai depends on the transmission from the 
forefatlier to his di'stttulants of dormant gemmules, which 
occasionally hectuno devolo|>e<l under certain known or unknown 
conililions. Each animal ami plant may lie compare*! with a l>u<| 

' ]-%.y i. .■.,iM|,l.>i.- ,-\\..^i\\ ,f >!..■ rl V s,T IKinviirs ■■,\nimiil» .in.l rUiiUg 

ULi.l.r l>»hir,ii<>imi.ii' i.K,l. :!. V<.|. II„ (')iii].i«r .\XVI1.). 
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of Hoil full ijf Hee<lH, some of wljicli Hoi>n geiiiiiimtu, Moine lie 
(lontiant for a period, whilut otliera periali." ' 

Darwin did not recot;;niz6 tlie modern distinction between 
Honiiitogenic eharacterti, which are acquired by the body or Homa 
durinr; its individual life-time, and blatftogenic or germinal 
cimnicters, which are suppoKcd to originate in the germ cell»; or 
ratlier, in accordance with hia theory of pangenews, be believed 
that Romatogenic modifications might be trannferred to the germ 
cells and thus become hiastogenic. In other words, he wa8 a 
firm l>eliever in the inheritance of acquired characters, a doctrine 
which, as we shall see presently, is now much discredited, awi 
he endeavcmred to explain by means of his theory how mich 
characters may l>e transmitted from parent to offspring. 

SupjKjse some part of the hr)dy in a particular multicellular 
individual were to become ni<idilied by nse or ilisuae, or by the 
direct action of the environment. Then the gemmnhs given off 
from the nioililied cells would alKO be alTected in a correspondhig 
manner and would carry infi)rmati<m of the change to the germ 
colls. It wouM l>o as if some constituency with ntaiiy repre- 
Hentatives changed its political opInioiiH and instead of sending 
conservative members to the House of Connnons took to sending 
lii>erals. When the projwr time came the new representatives 
would vote according to their histrucLi(ms ; but we must also 
suppose that the old ones could never Ih* lurn(!<I out and that 
there would lie a struggle l<etween the two. At lirst the old ones 
would ]te the more numerous and would outvote the new ones; 
prestiutly, luiwevor, the new ones, beiny cnnstuntly reinforceil, 
would come to outnumber the old ones anil perhaps l>e able to 
give effect to the altered views of their constitueiK^v, As Darwin 
says, "It is generally niKtessarv that an organism should lie 
exposol during several generations to changed conditions or 
habits, in order that any niodilication thus acquired shouhl 
up[)ear in the olTspring." it would probably Ix; mure in accord 
with the facts if, instead of "several genirations" we said 
"a large nuirdx^r of generations." In tills stuise. we may 
well Ixdieve that ac<|uir(Hl character's can 1«' inheritinl. without 
expecting to 1mi able to demoiistnite such inheritance by cutting 
olT the tails of a few generations of mice. 

The theory of pangenesis certainly explains a great di^al. hut 
it involves so many unpnivubic! asMumptioiis as to tlie nature* 
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and tiehiiv-ioar of the ~ j^f^mmoles " thai it caonoc b«- ib^cepuii *a 
nuiH; than what I>Anrin hinLielf tcrmeii it. & pfi>vKiK>DaI 
hyp'ithfAtu or iifiecalation. 

It in int^rt^ting to oheerve that Darwin fiiitb the •-iwwf .>f 
variAtkin in th«; direct influence ot the en¥in>iuaeiit. mtHatiins 
nnd<:r th»t U^nn the efTectK of uae ami liLsuse a|)»ci the orvantao. 
In t!ii.<i rf:«ip<:ct he agn^ff^ with the fiews of Lam^rek ami diArRi 
wid*;ly frrtm those of WeHniann am) manr other nnvleni 
hiolo^TJntit, who deny, either totally or iit part, the poisitibilitv nf 
th*; iiiheritanc*; of acrjaired or anmatogeiue chanurters. It 
will have lieen noticed that the theory of paD^oesis i^ i>f an 
ewtentially pre'f'>niiati')nLtt character, for it assames the exissenee. 
within the fertilizeal ttuji, of an immense nnmher of material 
jMrticleM (^»;inmiiles) which in »ome way or other represent the 
different iiiheritaMe characters of the liody. 

The celehrattvl tl>eor>- of liere^lity which we owe to Pn>fessor 
WeiHiiiaiiii' in \iAnt^l u|>on what he terms the " ContinoitT of 
the Germ I'ltLtni." The general idea of continuity is, of ei>arse. 
liy no UifAim a new one ; indeeil the protoplasmic continaitv of 
[mrent aiirl ofTHpring. through the genn celli>, must form tlie 
material IdmIs for the tran.sint»Hion of characters on any theorv 
of hereility. Weisniaiin, however, give^ much greater pn^btiou 
to the idea than any of hJH predecessors. He identifies the 
chniinatiii of the nucleus tin the actual hereditary' siibetance. the 
IM-Jirer of all iiiheril<Ml tendencies, and draws a very shar|i dis- 
tinction \iiitvt^:ii the s'linatic cells which, with almost emlle^s 
divi^mity of form and function. Iiiiild up the UkIv of one of the 
hi<;hi:i' iiliiiitH or aniiiiiils. and the gi^nn cells, which play little if 
any )>!irt in the life of the iiidividiial in wliich they are lo<l;^l 
hnL are de^tinc^l, under fiivonrahle c ire inn stances, to give rise to 
till; ncixl gi^neration. 
/ We have already sMiu that the genu celts are fFe<iueiitiv 
separated froni thn somatic c(!lls at a very early stage in develop- 
ment. IL niay In; thut the distinction lietween the two isactuallv 
inaiigiirattrd hy the very first division of the fertilized ovum, an 
in till! horse worm, AHimh nifiifilmrpliula (p. 129), or il may l>e 
reiyigniziihle at the gastrula stage, as in the arrow worm, Sagitta 

' ]''..r Full i..-.-.,ii[it- <>r iliix Oi.-orv -ui- ilir Kiif;li>ili tmnslnri.iiiB •>( WtiMiiiiMir<i Iwi. 
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(p. 180), but auch cftses appear to be very exceptional and the 
aegregrttioii of the germ eellH usually takes place much later and at 
different stagea of the development in different species of plants 
and animals. The exact time at which the separation of the two 
groups nf cells takes plac«, liowever. does not seriously affect the 
argument. In any case the ultnnate distinction between germ 
cells and somatic celts is supjtosed to lie in the fact that the 
former retain each a complete sample of the ancestral germ 
plasm, in which at any nite all the essential characters of the 
organism are in some way or other represented, while the latter, 
by a series nf differential divisions, gradually undergo a further 
segregation into the different tissue cells of the adult, each of 
which contains (in an active condition) nn\y a sample of that 
]iart of the ancestral germ plasm which is appropriate to its own 
imrticniar re<|nirement8. 

Hence the germ cells, complete in themselves like so many 
Protista, alone retain the power of giving rise to new generations 
of complete individuals. Tlie somatic cells have sacrificed this 
t^iwer to their need for specialisation. Certain phenomena, 
however, audi as the regeneration of lost parts in many animals 
and the pntpagation of plants hy buds and cuttings, necessitate 
the snpiMwition that some at any rate of the somatic cells must 
retain a more complete sample of the ancestral germ plasm than 
is necessary for their own development. For the hereditary sub- 
stance of any iwrticiilar cell Woisinann adopts Niigeli's term 
" idioplasm," and in order to account for the phenomena jnst 
referred to he is obliged to postulate the existence, in the 
somatic cells in question, of " acc<;8soiy idioplasm," which is only 
called into activity under exceptional conditions, as, for example, 
wluMi it Ixicomi's necessary for a crab to regenerate a lost limb 
or fur an earthworm to renew a (MU'tion of its bidy which has 
Imh'II bitten off by a bird or cho|)ped off by a spade. 

Weismann's theory involves the assumption of great complexity 
of structure in the germ gdasm, which, as we have already 
stM-n, he identifies with the chromatin substance of the nucleus 
tif the germ colls. He finds it necessary to assume the existence, 
not only of " determinants," which corres|)ond morts or less ctostdy 
to Darwin's gemniules, and each of which is sup[H)sed to Iw 
rim]wmsible for the development of some special inherited fe.aturo 
of the organism, but also of structural units res])e<-tively of a 
lower and a higher order. Thus each determiiiaiit is supixised 
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There is no other meniiH of communiciition l)etween the somft 
mid the germ celU, aikI hence Bomntogeiiic chnrncters, which 
nre iicqiiired in the Hfe-tiine of the indiviiluiil IxKly ns the direct 
resitit of the action of the environment (including use mid disuse 
of organs), cannot be transmitted to the germ cells (iinl tlierefore 
cannot Ijg inlieiited. The only characters which can 1r* inherited 
are hlastogenic characters, whicti arise hy modificatirtn of the 
germ phism in the germ cells themselves. 

This denial of the transmission of so-calle<t acquired charac- 
ters onstitiitos the most important difference l)etween the 
theories of heredity proponnde<l hy Weismann and Darwin. 
Both these theories jxistnlate the existence of ultra-microscopical 
material particles, determinants or gemmules, hut WeiBmann'H 
theor}' allows of no transference of snch particles from souta to 
germ cell, only from germ cell to germ cell and from germ cell to 
soma. There is supposed to Im> no mechanism tor the traiiH- 
mixsionof Koniatogenic characters to the next generation. Accord- 
ing t<) the (ddor view the germ cells give rise to the soma and the 
soma to the germ cells alternately. Acwirding to the newer one 
the germ cells give rise to the soma and at the same time to the 
next generation of gern\ cells, while the Homa gives rise to nothhig 
hut itself and ultimately |>erishes. 

The contrast lietween the two views is clejirly expressed in the 
liccfimpiinying diagram (Fig. 7fi), in which, for the sake of shn- 
plicity, the complication intriHluced hy the process of conjugation 
of the tjerin cells has l)een ignore<). 

The inheritance ot somatogenic chnracters heiiig ilenied, Weis- 
mann in ohiiged to seek the origin of variations from some 
source other than the action of the enviniinnent and use and 
disus<!. We Hhall return to this [>iiint presently. In th<! mejintiine 
we must |>ohit out that Weismann'^ theory harnioni/i's very well 
wilh the ]ihenometia of mitosis. and lispecially with the reutarkahle 
modilicatioiis of those jdienomeiia which accompany the matura- 
tion of the germ cells. 

Tlie entire proci^ss of mitosis serves to euiphasi/.e the im)M)rt- 
lUK'o of the chrouuttin snhstanoe of the nucleus. It is evidently 
of tli(^ utmost consequence tluit this su))slance should U^ accur- 
ately apjHirtioned Ix^twcM^n the dauj-hter cells. We accordingly 
find the elaliorate mechanism of centrosouies and nnelear spindle, 
and a splitting of e.ach individual chrouiosome. which takes place 
longitudinally when the (■hromosoiues themselves hapjH>n to he 
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(livitlt) uiich into two dissimiliir liiilveu contaitiing different deter- 
mintuita (Fig. 77, IJ), whoii the daughter chromosomea will be 
unlike eiu:h other. In tlie former case the division is aivid tu 1)6 
integral and in the latter differential. It is by differential division 
that Weismann lielievew the histological differentiation of the 
Butna to )>e brought alMtut. 

When we consider tiie ]>lienoniena of maturation and fer- 
tiliKaticni wo tind them iti no less striking liariii<niy with 
WeismiuuiH viewH. We have atreiidy iK)inted out, in C'liapter X,, 
that each particniar M|)eeieH of plant or 
animal ih, a.s a general rule, chiinicteriKed 
bj- the u|>{iearance of a definite and con- 
stant nimilHir of chroinosomcs in all the 
cells of the l>ody during the process of 
mitosis. At wniie periixl in the life-cycle, 
however, hi typical plants diiritig the 
process of spore-formation and in iinimals 
during the mattiration of th«! ova and 
8{>ernnito/,oa, this nmnl^er is rediice<l to 
half by separation of the entire chromo- 
Bonies into two gn)iips, one of which 
]>iisst!S to Bitch of two daughter cells. 
Thus the mature germ cells have only 
half the ntiml)er of chromoKomes charac- 
teristic of the si>ecies (or. in the ctise of 
typical plants, of the sporophyte genera- 
tion). The full nitmlier is made up ngitin 
by the union of male and female gametics 
to form the zygote or fertilize^l egg. 

To the combination of the miiternal and paternal ehnmiosomes 
in the nucleus of the zygote ^Veisuuiini has given the inune 
anipbitnixis . and be sees in this mingliTig of anc<^stral germ 
plasms the cause of that mixtnre of pnternikl and mitternal 
cbaracUtrs which we connnt>nly find in animals :ind plants. If, for 
tlie sake of simplicity, we imagine that each chromosome consists 
(as a|)|KArs to U'. Sfmietimes the case) of only a single id or 
chri>moniere. and that eight of tbose an^ present in the nnctiins of 
the iniitnre germ cell, we may represent the effect of repeale<l 
umpbimixis n|)on the constitntinn of the nucleus by means 
of the diagram (Fig. 7H). wbicb shows how the ids must Imicouu' 
more and more diversiJied in eadi successive generation. In this 
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clin^riiin A represeiite an unreduced nucleus coiiipOHed of siitw 
ids, eigtit piiternal and eigiit iiinternal, all the pateraal and all tb 
inaterniil ids respectively lieiiig uupi)08ed tu be alike. Afle 
reduction and union widh another mature germ cell contaiiiini 
also only one kind each of {>aternal and maternal ids, hut iMl 
differiuR in Home re8i>ect from those of its mate, the nncleiL^ » 
the next generation will contain four kinds of ids, two patenia 




^J- :> 
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I'm. 7.S. ni..Kn.i]i iliiiNl lilting' Ilic Ciiiii-wtii'ii "f tho (Icnn I'Li-t 
(<'hri.i.N<tiii S<i)»t!iiK-<' •>! th<' NiO'irnis) ..lit c.f An^cwtnd I<)h nn<l th 
m*f.t tlion-.ii >.( iv|Hiit.>il Aiiiphiiiiixis. [I'miii Wci-iiiftiirrH " Kv«l„ti.i 



and two iimtcrnul, iiw shown in It, while in tlio next f^eiK^nilin 
tliiTi' ninv Ih! night kinds, as shown in C iind in the ii«xt Hixteei 
as in II. ' 

\Vr must, llicit, in lu-cordancc with the views of Woismanr 
look upon lln> germ pliism of any one of the higher orfpinisins a 
heing ma.lt' »\> of u larger or sniallc'r niimh'r ()f ids. each od 
re(in'scTiting tli(( inhcritanee received from Honic more or leti 
remote iinccslorim the paternal or maternal side, though nf conrv 
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it is i|iiit() iHiHttible thnt there mny be i\ number of iduof the siiiiie 
kind. When, during the process of uintiinktioii, biilf the total 
niiinl>er of ehnimuuomes (eiicU nuule uj) of one or more ids) iire 
eliiuiniited from the genu cull, it iip[>eniij to be largely ii matter 
of chance which shall go and which shall remain, and the nature 
of the new combination of ids rusulting from the process of 
auiphiniixis must aIho be a matter of chance, depending u[Mm 
what luck the germ cells hapjien to have in their mating. 

As has Iwen well said, a new sliuHliiig of tliu cards must take 
place in each geneiiition. The characters of the organism 
developed from any zygote will depend upon the hand dealt out 
to it ill the processes of reduction and amphimixis, and as it can 
rarely, if ever, liap{>en that any two hands will \>e exactly alike, so 
it will rarely, if ever, happen that any two organisms, however 
closely relate<l. will exactly resemble one another in all their 
characters. Indeed, the (udy cases in which even an aj>proxiniu- 
tion to exact resemblance is known, at any rate auKuigst tlie 
higher animals, are those of " identical " twins, and the expbma- 
tion of these is that they have arisen by an integral division of a 
single fertilized ovum, followed by sei>aration of the first two 
daughter cells or blastomeres thus produced. 

We therefore find in the processes of reduction and amphimixis, 
in tbe [>ermutation and combination of ancestral characters, an 
abundant source of variation. This, however, is not sup])osed 
to explain fully the origin of variations, and Weisniann acctird- 
ingly invokes tbe aid of another hypothesis, his theory of 
"Germinal Selection." In accordance with this theory the 
determinants of which tbe ids are com]iosed are sup|iosed to be 
differently situated with regard to their facilities for obtixining the 
nutriment necessary for their growth and uniltii>lication. There 
is a kind of struggle for existence going on amongst tliem. Those 
which are more successful in obtaining supplies, having once got 
a start, will tend to suppbint those which are less successful. 
Some will Ixjcome weaker aiul some stronger, and thus, as the 
result of difTeretices in nutrition, variation is set up amongst the 
detoinitnants themselves. If these vary it follows that their 
determinates, or the parts which they control in the developing 
organism, will vary also.' 

' riitrri' woiil.1 wx-in, liiiwi'viT. lu 1h' ii mTuiiis nlijcutinii l,> dm lluHiry »r ■n'riiiiiifil 
M-IC'liiiti ill till; fnot tliiit tlic iiiick'UM of uriy uivrii i.'iTiii ceil oiiiliiiiis iiiiiiiy ills. :iiiil 

thnl the uurrcH[x>Ti>liiiK ili'li-riiiiriaiils in wicli i<l iiir ;ilnny?' ■iulij.vi (o [irL-ciiu'iy niu 
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111 tlti» wtiy WtiiHtniiiiii Keoku lu iivuid the iietxjauity of Iwlit^nti;: 
ill thu tmntiiiiiHBioii from piirtsnt to ofTHiiriii^; of iiioclilicutioiis 
whiiiU rtuiiilt from the ihruct Actiiiii ot the environment u|>oii tlw 
iMMly itself, witliout, however, altogether denying that est^niiil 
iitHiieiicuH, and eopecitilly nutrition, mityact u|K>n the {^enu plusiu 
thr()n<:;h the lioily and t)iuK Knuae modification 8 in the ofTKiiriii^. 

We have seen that WeiHinaiin'n theory of the continuity of tlw 
germ plauiii involveij tlie acceptance of the chromutiii of tlir 
niicleiiH as the actnitl material IhihIh of hereditary tnuiKniiiwiuii. 
There can lie no doulit that the pliunomena of ordinary- luibmii 
ill the caiie of tissue coIIh, and thotte of maturation and fertilizit- 
tioii ill tho uise of the genu cella, Htrougly Kupijort thitt rie». 
while the Kiiriple fact that tlie upermatozooii, uoiisittling almiiet 
entirely of chromiitiii HulMtaiice imd with a uiiniuiuni of cyti>- 
plasm, coiitrilmteH e<inally with tlie ovum to the eharactum of tlie 
oirspiitij; in iiorniiil caHos, Heeiu» almost coiichmive as to the prt- 
dominating hnportance of the chnmmtin in this r«sj>ei.-t. Some 
oliwervfirH, however, still maintain that the cytoplasm plays a ven" 
important part in heredity. 

It in proltalile thiit much light will l>e thrown upon this 
iinustiiin \yy the development of that extremely iniporbmt hraiicli 
of hiologii-al Hcience known as exi>urimeiital emliryoUi^-y. which is 
as vol in its infancy. We have already i>ointed out thai in ct!rt4Uii 
caHiiK ojigs containiii}^ no nncleiis may he fertilized hy siMtrinatoKiNi. 
and may then devtilop up to a certain {xiint.and that thiis pnlct'^? 
is termeii iiieniKony. Some years ago ISoveri claimed to have 
fertilized ciniclente fnifinieiits of the eggfl tif one genus of st-n- 
iiii^liins {Spliivnrliinns) with the sperm of another h*'""!- 
(KchinuH\ and ohtaiiiwl larva' witii only i>atornnI chai-act4>rs. 
He concluded from this expeiimcnt that the nuclear sulistiince L- 
iiloiie rt-s|ionHi)ile for Ihe tratiHmission of inherited chariK-ters. 
Unfoitiinatcly it seems that his results are ojien t'» a dilTert'iit 
inferprttiition. and lliey have heeii severely criticized. Thev 
cerliiinlv cannot !«■ yr^^iinleii as liy any nutans conchisive. 

More' rcviilly (;odle\vski has "succeeded in fertilizing t-^Tj, ..( 
the comnmn sea-uicliin (Kcliiinist with sperm of the feather titar 
(Anti'ilcin). lielon^itif; not only to a distinct genus hut to n widelv 
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diffei'i'iit order uf ecliiiidderniH. The liirvic of these two ty|>eB 
lire easily diiitiiif^tiiHhed even in eiiHy titaf^eH of develc))inienl. The 
hirviL' ]irodiiced hy fertiUziitinn of iioriniil tijiiifi of EcIiinuK witli 
H)ierrn of Antedon are tuiid to l)e of the maternal type. This 
roHtilt iu in itself very reiiiarkahle, but Godlewtiki wau aluo able to 
fcrtilizo enucleate epji" fragments of the sea-tirchiii with Hi>erin of 
t]ie feather star. Ei^lit larvte prodneed in tliis way reached the 
blastnla sta^^e, but only four developed irn far as the (rastrtila. 
These four, however, were npiin of the materniil ty{)e, and eonld 
only lie diHtin^^iiished by their sixe from those of the pure Ecliiiius 
culture. From thetfe experiments GodlewHki concludeH that 
cyLojilasm as well as uhroinatin must be concerned in the traiiH- 
niisHion of hereditary characters, for no materiinl chromatin was 
prt^sent in the at^ from which the larvae developed. Whether 
tlicKe results, which are in direct opposition to those of Boveri, 
will Ik! confirnie<l or refuted hy further ol>Hervations renmins tn 
Irn seen. Walker, in his recent work on heredity,' has accepted 
Godlewski's conchiKions and made use of them in supjKtrt of the 
theory thiit the cliromoHomes are the Iieareru of indtvidual 
ebaraciers oidy, while racial charautei's may l>e transmitted hy 
" the whole protopUsni of the cell." 

I '-Mm'.lilary l 'liiiractw nii.l tli<^ir Moles ..[ Tn>n>^it>is^i<>ii;' l<v t'. K. Wiilkor 
^I.'iii.l Kilwiirl .\niulil. UlHi). 
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CHAl'TEIl XIII 

Tlio iiilHTitiiiiii' iif aciiiiiroii •■hanmU-rrt iiud thu mDeuti<; tht^iry iif Ut«>>|itv. 

No liiolii^^icttl <|uestii)ii iluriii<{ the lust tifty ywirB Iiuk h'^'*;'""* 
ti) iiiiirt! jicute tiiwl viHiiroiiH controversy than thiit of the iulieril- 
aiife 111" iion-inhrrititiice of " iiciiiiired " clmmctei-». The followin;: 
})jirji-;iji|ili iiiiu Ik; qmttid to allow the uiiiniier in which Weisiiwmi 
stiHiwi thi! cjiHe !un\ etKlejivoiired to give pruciuion to tlif 
teriiiiiiolof^V etiil>loye(): — 

■■ By iirqiiireil chanicterH I nieiiii those which nre not prefoniwl 
ill Iho ■■onii. hilt which arise only thniu^h Hiwcitil inHuem■^^ 
HtTwtiiif^ tlie IkxIv or iiKlivi<hi<il jiiirts of it. They ure (hie U> llw 
rwidion of these jmrts U> ;iiiy e\terii]il infltieiiceti npitrt fnmi the 
iief(^ssjirv (.-oiKhlioiis for developiuent. I htive called them " xiimah- 
finiir' ciiiiracters, 1n!l;uih<; they are j>roduce<l by the reaction ti 
the }i(iily or soiiiii, anil 1 Liintrayt thoiii with the ' /ilaitUHfruir' 
cliarafliiH of an iii.lividiial, or tliose which orifjinate Hofelviii 
the primal vcoiiHlitiLeTLts of theRerm ('Keiiiietuuihigen '). It ismi 
inevilaliie cons.'i|ii.-iiLL' of the tlieory of the genii-phisin, iuhI uI 
its imiseiit elalinralion atnl extension hd hu to include the doctriih: 
ot.ietiTOLiiLiiiits.tliatsoiiiiitnfr,)iiic viiriatiinisareiiot tranuniibtiil-k 
and that fiinsL<|ueiUly evt^ry |iermanent variation proceeds fmui 
thu ;;eriii. ill wliich it must he represented hy a modiiitaitioii i-f 
the |iriiiiary oonHtilueuts." ' 

Aw aln^iuly ]iiuiitr.l out. tlie view here expressed is diretiiv 
opposed to tliat of Lamarck and Darwin, who I«elieved tlm'l 
eliiiraetiTs acipiired in (he life-time of the individual, either as n 
ri!,siilt id the use or disuse of or^-ans or of the direct action of llif 
eiiviioiiment, mtj,'lit }n: handed on hy hereility from parent t" 
ollspriii^. and Darwin's llu;ory of paiit^'.-nesis wa.s essentially an 
en.leavoiir to imiL;^ine some mechanism Iiy which such tnul^■ 
ference of acpiin^d characlers mij,']il he elTivti-d. 

\\t'. may at oiaie aj^ree with Weismami that hiastogenic 
characters alone »iv transmitted from parent to offspring, hut tlw 
real ipu-stirin is Ciin a somatnj^enic character \n: converted into. 
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or {;ive rise to, a blaHtogenic one? In other words — Can a 
I IK hU fixation of the body or soma, arising in the hfe-time uf the 
individual and itself in no way due to inheritance, affect the 
germ cells in such a way that the offspring developed from 
them will exhihit a corresponding mmlification of its soma? 

It is n»elesa either in deny or to assert the possibility of the 
inhei-itHnce of such chariicters on any purely a pyinri grounds. 
The fact that no satisfactory niechimisni for the transference of 
such characters from parent to offspring lias yet been demon- 
striited does not justify us in denying the i>ossihility of such 
transference. Our decision must depend u))on an unbiassed 
examination of the evidence wliicli cun be brought forward on 
each side. 

It is, of course, obvious tliat inasmuch aa any organism differs 
to a {jretiter or less extent from its ancestors, the differences 
lilting as a general rule greater in proportion to the remoteness 
of the particular ancestor with which it is compared, the 
dilTerentiatiiig chiinxcters must have l)een ncfiuired, in the 
ordinary sense of the word, during the interval which separates 
the two generations in question. For example, there can be no 
reasr)nahle doubt that birds are descended from ancestors which 
were reptilian in character and had no feathers. Feathers have 
unquestionably lieen acquired somehow or other during the pro- 
gress of the bird's evolution. This, however, is not the sort uf 
acquisition the inheritance of which is in dispute. Weisniann and 
his followers would deny altogether that feathers originated as 
somatogenic ctiaracters ; tliey would say that certain apparently 
foi-tuitons modificati(uis in the constitution of the germ cells 
tbeniHclves were nisiHmsible for the first appeariince of feathers — 
]irolHib]y in an extremely rudimentary form — and that this nevf 
character proving to lie of value in the struggle for existence was 
pmstrrved and fostered by natural selection until after a long 
process of evolution the elaliorate plumage of existing birds was 
jierfectitd. 

In striking cimtnist to such a case as the almve we have 
jinunnerable cases of the more or less sudden npi)earaiice of 
somatic characters <luriiig the Ufe-thne of an individual as the 
(ibviuns result of the action of some external or environmental 
iiiHuence, or of the use or disuse of some organ by its possessor, 
and it is tu such cases that Weisniann and his followers would, 
rightly or wrongly, confine the discussion. 
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Artilicklly or acckien tally pvoilnced mutilations afford a verj 
good exainple of Buch obviously aomatogenic cliaracters, and iriih 
regard to the inheritance of these Weismaim's position is cleiiriT 
Slimmed up in the following passage: — ''As far back as tlir 
eighteenth century the great philosopher Kant, and in our (iwii 
day the anatomist AVilhehii His, gave their verdict decidfilk 
against 8iich allegittions, and ahsohitely denied any inheritance 
nf mntitations ; and now, after a decade or more of lively delntt 
over the jiros and cons, comhined with detailed anntoiiiical 
investigittions, ciirefiil testing of individual cases, and exjwri- 
nient, we are in a position to give a decided negative and say 
there, it no inhiiiluiiir of vnitilations." ' It is, however, (u* 
already [lointed out, all a (question of evidence, and we tuny here 
(piote a detiiiite case in order to show the nature nf the evidemi- 
with which we have to deal : — 

" A female (and very prolilie) cat, when ahoiit Iialf-gmwn, nitt 
with an accident. ' Iler fine, long tail was trodden on and had 
a compound fracture, two vertehrm Iveing so displaced that thev 
ever after formed a short offset )>etween the near and far end "f 
the tail, leaving the two out of line. At lirst I noticed that oat 
of every litter of kittens some had a tail with a <]uerl in it,' Witb 
Huccussive litters the deformity increased, until 'not a kitteu of 
the old cat had a straight titil. and it grew worse in lier pntgeny 
until now we have not a cat with a normal tail on the 2>reinii«>9' 
(in a i-at-|K)puliilioii of six or (;ight. exclusive of j'omifr kitteiix). 
■ The tails an: now in pint mere Ktunips, some have a semicircular 
swec)) sideways, and some have the original querl. Per)ini>s tlif 
dnforniitv wiis somewhat aggravated hy in-and-in l)ree<Iing aiul 
hy artilicial selection prai^lised liy my Chinaman, who, witii tht 
jiervrisity o[ his nice, preferred tlie crooked tails, and thus 
preserved thrni in preference to the normal kittens. There are 
no other alinoniially-tiiilcd cats in llie neigh IxmrhtMHl.' " 

I'rofessor IJrewer cpiotes this remarkiilile case* from "that 
kei-n oiiHi-rver and I'uiioent sfientist. Professor Kn^ene \\. 
Ililganl of the rniversity of California," along with others of a 
liki- kind tnim varifius sources. 

U is of course esscnti;il to the .stahility ot Weismann's theory 
as ii whole tlinl evidence such iis this should lie rehutted. I am 
nol awiire that he has iinywhere criliciwd lliis jiarticular case, 
hut his general remarks in somewhat similar cases may lie 
ipioted with ailvantage in this connection : — 

' ■■11,.. Kv..lMii..nTl,i^.n ■ ( I'-n-lon. I'.UUK V..1. II.. |.-l">. 

^ I ;,/..r,,,„---'l',i,,,:,ryVa.^t.,r-..riirv-iiiiirKv..liili..N"(('lii.-»K'>.iaOr.),i.,,, 4:13.3. 
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" III the first place, tlie nssertioii thnt coiigeiiitii) Rtuiitp-tnilB 
ill (logs mill oitB de[>euded on inherited mutiliitiou proved to be 
unfounded. In none of the caues of stuinp-titiltf brought forwiird 
could it even he proved thitt the ttiil of tlie relevnnt jiaient had 
lieen torn or cut off, much less that the occurrence, in parents or 
gnindparents, of short tiiil» from internal caiisei) wuh excluded. 
At the same time anatomical investigation of such stump-tails as 
occur in cats in the Isle of Man, and in many Jaimnese cats, and 
are frecpiently found in the most diverse breeds of dogs, Hhowe>d 
that these bad, in their structure, nothing in coiniiion with the 
remains of a tail that had l)een out off, but were spontaneous 
degenerations of the whole tail, and are thus deformed tails, not 
shortened ones (Bonnet). 

" Exi)erinients on mice also showed that the cutting off of the 
tail, even when performed on lM>th parents, <loes not bring alxiut 
the slightest diminution in the length of tail in tlio descendants. 
I have myself instituted experiments of this kind, and carried 
them out through twenty -two successive genenitions, without any 
positive result. Otrroliorative results of these cxin'rinittnts on 
mice have lioen communicated by Kitzeina Dos anil, indepen- 
dently, ))y Rosenthal, and a correspnndhig series of experiments 
on rats, which these two investigators carried out, yielded the 
same negative results. 

" When we reinenil»er that all the cases which have l>een 
brought forward in sup))ort of an inheritance of mutilations 
refer to a aiiii/lr injury to one parent, while, in the exjierhiients, 
the same mutiliitioii was inflicted on l>oth parents tlimugh 
numerous geiioratioiiH, we must regard these experiments as a 
pr(H>f that all earlier statements were luised either on a fallacy 
or on fortuitous coincidene<-. This cfmclusiim is conKruKKl by 
all tliat we know otherwise of the effects of oft- repeated mutila- 
tions, as [or instance the well-known mutilntions and distortions 
whicii many iieoples have practised for long, sometimes incon- 
ceivably long, ages on their chililren, especially circumcision, the 
breaking of the incisors, the lN)ring of holes in lij), ear, or nose, 
ami so forth. No child of any of these? races has ever lieen 
brought into tli« world with one of these marks : they have to l>e 
re-impressed on every generation." ' 

It cannot lie sericuisly (jitestioned that in th<; majority of cases 
mutilations are not visibly inherited, hut the fact that no one has 
as yet succeeded in producing exiHirimentaily an inheritable 
mntilation does not pnive that such never occur accideiitallv. 

AVeismann's argnmeiits can hardly Iw regarded as conclusive 
agiunst such strong evidence as that affonled by Professor H ilgurd's 
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aits. Moreover, there ftppeara to be considerable difference d 
opinion an to whether or not the effects of circumcision are ever 
inherited. Dnrwin, in discussing this point,' admits that it is 
[Hiesihle that nil the recorded cases of apparent inlieritance A 
Hiiuh effects may lie accidetital coincidences, but the fact thiil 
there are such recorded cases prevents us from acceptin;; iIk 
sweeping generalization which Weisnmnn makes in the ]riA 
lientenceu! the paragraph ahove i^uoted. 

Darwin himself was convinced that the effects of n{)enitii)R< 
are sometimes inherited hy the well known and often quoted cum 
of Dr. Bniwu-Sbquanl's guinea-pigs. In these animaU not onh 
did epilepsy apiiear in the offspring of parents which Inwl lieeu 
rendered epileptic hy injury to the nervous system, hut certain 
structural nHHlifications {e.ij. loss of toes) ap]»eared in tbc 
offspring when corresjxinding structnnil mcMliffcations hiul Wii 
produced in the parent (indirectly) liy similar injury. Weismaiiu. 
howevei-, (inileavours very ingeniously to eitplaiii away the* 
(>liHi:r vat ions, and the correctness of Browii-Soqiiard's results W 
l>eeii seriously hnpugned. 

It cannot Iw denied, however, that the pr'nmi facie evidence fur 
the (N-i-asiiiiiiil transmission of such characters as those pn>duc«J 
hy niutilulioii is wry strong. We may allow much for coinci- 
dence, l>ut well authenticated ca^es like that of the cats aliow 
re[<^rrt!d to, anil likt^ the following, are too numerous to Ite all 
ox|ilaiiio(l away in this manner : — 

■' A perHou, when a Ixiy of ten years, cut the terniiiiDl 
phaliingc^ of ihe liUle finger of his left hand with a sickle. The 
joint WHS not itijnn-d, nor was ilu' function of the fingt-r serioualT 
impaired. There whs, however, an (divious deformity. TliV 
linger was ill-shaped and cnxdtcd, and ihe nail abnormal. Ue 
iniirried anil had two <:liitdren. the first a sim, with tionuitl 
tiiit;err<. the seennii a danghter, who had the little finger of the 
eiinespondii)}^ (Uie lefi) hand deformed from birth in t)ie siuue 
luamier. The function of the finger was not seriously injured, 
but tlie ili-fnrmity was precisely the same in shai^, even to tlie 
inalforiuation of the finger-nail. She died at thirty, withoat 
chililren, conseijuently no ohKor\'ntion on a succeeding genenUion 
could be noteil. Nfuie of his other kindred hiwi malformed 
fingers, niir hail any ancestor of the child for at least thn* 
generations, and there was no knowle<tge of any such in the 

I -' Aiiiiii:>l>:itMl I'luutN Nu.lir l>..iiit.'alirnli>ui " (^fnil Jul.. IrlS^). V.il. 1.,].. my^ 
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" (Thit! case was related to me in full detail by the father with 
the ileforiued finf:;er, and with whom I wau personally acquainted. 
He waH au eminent physician, the president of a large and 
reputable medical college, and hie name is well known to the 
profeeeion.)" ' 
^ It Heenis only reasonable, then, to admit titat suddenly 
aeciuired somatogenic charucterB are occasionally, though pnilmbly 
very mrely, transmitted by heredity in a sufficiently pronounced 
form to Ik) recognizable, but even if this were not so we shoiild 
not Ik) justified in ctmcluding that hII the characters which an 
organism exhibits have their origin in the first instance in modt- 
liuations of the germ plasm. It must be remembered that a great 
many somatogenic modifications are the result of what we may 
call the normal action of the environment, and that such acti<m 
may extend over very long periods of time, in which many 
tlioiiwuids of generations may be produced. In such cases the 
stiuuduH, whatever it may lie, to which the organism resjKmds by 
modificatimi in lM>dily structure, is rei)eated a vast nunilwr of 
times, and therefore seems much more likely to produce an 
inheritable effect than a single accidental or experimental injury. 
A single drop of water falling on a sbme makes no visible 
impression, but if the dmpping goes on for a long time the stone 
will gradually l>e worn away, and it is by no means essential to a 
Iwlief in the herifaibility of accpiired characters that such 
characters should Iw immediately hiherited in full perfection. 
It may l>e merely a question of time. 

It is a well known fact that the "habit" and even the 
structure of a plant are largely determined hy tho conditions 
under which its growth takes place.^ A plant growing in a hot- 
house may actguire a very different habit from another of the 
same species growing in theopenair. Many alpine orsub-alpine 
plants have l>ec<)me adapted to their peculiar environment by 
various highly characteristic moditicatitms, amongst which a 
nMluction in the size of the leaves is one of the most crmspicuous, 
and such plants may ))e induced to change tlieir mode of growth 
by simply removing them to sulticiently warm and sheltered 
situations, in which their habit comes to approach that of llieir 
lowland relatives. In such cases it is diilicult to say how far 

■ TliJK i* ikMollit-r of Miu HtrikinK <-im-x [-.iII'-.'I.'.I Ii}' l-rofuKxor Itn-wr »r«l qiiolol 
ill ('oiH'ii-' I'rimikry Kiivtiin iif lli^niiii; K veil iit ion." |i|>. \X\-\. 

" 'I'lii' rculiT nlmulil (lUiKiilt lliei|iiiil«(iiinH tnmi ljiiiiiin;k N'liriiiK ir|Hiii tlii8 [mini 
flivvn ill Clmpler XXI V., uH[«diilly llii- chm- uf //mhhk.-k.'n. .>./».ifiV». 
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tliu lial>it of the plniit, whether nlitine or lowlnnd, is rtullj 
iiihei-ited, or how fur it iiiny )k) produced afresh in each generation 
HH A direct retipniiiie to envirniimeiitiil stiniuh. 

It iL|»j>enr8, however, from tlie observiitionB of Bordage,' tliat 
l>eiich treeH in tlie clinitite uf Keunioii gradunlly acquire rni 
nhiioKt evernrueii hjihit, mid thtit this chamcter i» hcreditarilj 
traiiBuiitted, liein;; exliihited by seedHiigs of the iiindiGed trn^ 
when prowii in situiitioiiH where the peach is usually deciduous 
j>r. Borditge considerw, iiud it nppe*irs to us that he.haK pood 
roiiKon for m doinf;, that his observatione and experiments defi- 
nitely prove, ill the case of plants, the liereditary transmiKeiou 
of chin-iicters acquired under the influence of u change of climate. 

To take another example, it has been shown that in rats and 
mice certain luodiiicatioiis in bodily structure are produced as tlie 
result of mining or lowering the temperature to which the voting 
animal is exjmsed during its growth, and such inodificationB apjtear 
to lie inherited. Sumner^ found, as the result of a large number 
of careful uieastiremeiits, that mice reared in a warm room (about 
21° C.) liifl'eied considerably from those reared in a cold room 
(about 5'' 0.) aa regards the mean length of the tail, foot and ear, 
which were longer in the former than hi the latter. The same 
differences occurred to a recognizable extent in the ofTspring of 
the warm rootLi iimt cold room parents, although these offsprinK 
wen- all reiireil t<igether in ii common room under identical 
tciiipei'aturii conditions. 

OhHvrvatiiinB hir'Ii iis these, which are rapidly accumulating. 
lead US to hojie that the question of the inheritance or non- 
inhi.'ritaiice of somntngciiic characters which have unduulitediv 
arisen in response to the direct action of the environment 
niiiv, Iji'forc lung, lie iinswered ciinclusivejy. They doubtletss reiiuire 
conltnmLtion and extension, hut they alfordvery strong evidence 
in favour uf thi' inh<^riliinci! of such characters. It has l>een sug- 
gi'sti^d thai in such cases the stimulus ofchauged conditions affects 
till- body and the germ cells aiiuultaneously and in a parallel 
niiiniier. ratlii^r llian thiit the iiody is modified first and then in- 
HiU'nct's tilt; germ cells, but such a suggestion seems like a last 
iitteui]it III avoid at all c<isls the necessity for believing in the 
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trnn emission of " acquired " clinracters, and is qiiile as difficult 
to itccept as the latter, while, as Sumner points out, it does not 
affect the (jueHtion of the imiKirttince of the environiuent in 
detentiining the course of evolution. 

Profesuor Heuslow ' l>elieve» that the direct action of the 
euviriiiiuient, in its widest sense, coupled with the res))onsive 
[lower of protoplasm, is the sole and efficient ciiuse of ndnptive 
valuations in plants, without any aid from natin'al selection. 
This of course implies a iirm l>elief in the inlieritiince of 
somivto^^eiiic modiHuntioiis. Although these may l)o acquired 
slowly thnuiRhout the course of a long series of successive 
generations, they may liecoiue gradually more and more fixed 
and permanent, until finatly they attain a degree of stability 
which entitles tlieni to lie considered as truly lilastogenic. 

Professor Eigenmann^ has arrived at very similar c<mclusions 
as a result of his careful study of animals which live in dark 
caves. A very characteristic feature of such aniiniils is the 
hleaching which they undergo, due to the loss of pigment. Pro- 
fessor Eigenmann regards this chunicter as due in the first place 
to the direct influence of the environment (i.i: the iilisence of 
light) upon the individual. He tells us " The lileached c<inditioii 
of nniiimls living in the diirk, an individual enviroiunentiLl adap- 
tation, is transmissihle, luid timilly hecomes hereditarily fixed." 
In Anihlyopsis, one of the Mind cave fishes, the fixation of this 
character hits Itecnnie so complete that even when the young are 
reared in the light they develop without pigment - the originally 
somatogenic character has apparently Iwconie hliistogenic. In 
the well known European Proteus — a taileil iLmphihiim which 
lives in suliterranean waters —on the other hand, it apjieitrs that 
the hlea died condition has not yet l^ecome hereditarily estalilished, 
for this animal l>econies darker when exposed to the light. Pni- 
fesHor Eigenmann jxiints out that " natural selection cannot 
have affected the coloration of the ciive forms, for it can lie of no 
cohseipience whether a cave species is white or htack." 

We do not know how many generiiti<iiis it may take to effect 
the lixation of a character acqnii-ed slowly under the infhience 
of a constantly repented or continuous envininmental stimulus, 
lint the fact that human Imiiigs have not yet leitmed to s|)eak 

I "Ori'.'iii .>t I'Iniil Siriic-liin»"(hit<Tiuiti<>ri.il S'Eciitilii: Sltiuh, Vol. I.X.WII., 

* ■■ !'«¥.■ Vortcltmliw iif AiiitTicn. .\ Slmiy in 1 lo^-omnit i vu Kv..liil[<.ii " (\Vh>Ii- 
iiiKtiui : (VlMiKKt IiiKtiluliuti, llHHt). 
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witli'Xit IxriiiR taii<;ht >thowe that the nauiher may, in some chk^ 
Ht aiiv mte. I>e very iar^e. Speech, however, is a c>iii|Mnttiv<rly 
receut flci|ULsitioii in the human race and uiany of tlie ))i;.-licr 
aniiiiaUiierfonnactionswithouthein):: taught which their aiRvst'T?' 
may verj- well liave orif^nally leanit to perform bv obt3er\~<iti<>L 
or ex[)erieiice. It wiuld l>e extremely difficult t<i espUin thr 
iiefit-liiuldiiif; habits of birds, and other go-called " instincW 
except as havin<:; been nrii^inally a«](iired id this wav in tlir 
life-lime of the indi\~idual. 

Oil the whole, then, the availahle evidence lieeius to indicate thai 
suddenly and except innallyaciiuiretl characters. uueliati mutilations, 
are occasionally but only larely inherited tu such an estt^ntast-ii*' 
reco<rnizable. while, on the other hand, characters which are due t'l 
thec<'iiitiniie4l action of some external gtimulus. extending perliaps 
over many generations, in the lon<; run l»ecoiue so firnih- iiuprc-Mil 
upon the orfiHnism that they affect the penn cells as well nn tlit- 
BOinatic cells and thus l^ecome truly blastogenic. 

We must look ujKtn the genu cells as highly cf)iis«>r\'ative 
lx>dies, i)oKsessed of great inertia, which can only l>e induced ven- 
slowly in normal ciroumstunces, or by some sudden revolution, 
of the nature of which we know nothing, in abnormal circum- 
stances, to alter their constitution. This conservatism is ud 
doubt of ^rciit value as a check u[>on the inheritance of accidental 
and nnravoiirablii mod ilica lions. The adaptation of the individual 
to its particular environmont is to a large extent pro%-ided for hv 
Bfnnatogenic mollifications which arise in itn own life-time. WliHt 
suits one individual, however, may not suit its successors, which 
may have to live under more or less widely ditTerent conditionK 
and for pmgressive evolution what is needed is an average 
adaptation of the race to an average environment. Hence the 
germ plasm in its evolution lags iH:hind the soma and is onlv 
very slowly impressed with those diameters which e\|>erieiice 
has shown to lie of iKtrmanent vuliit; to the race. It is a kitul of 
second chamber which acts as a useful check ujkui too railical 
tendencies. 

Tbiit the germ plasm in to sonio extent ca])able of nuHlitication bv 
enviromneiitai , stimuli, however, is fleariy shown by the ex|«!rinients 
of Tower riifcrred to in Cliapter XL, but it is extromely difticuli to 
see bow such stiunili as he nuntioiis could afWl it except Iiv 
acting priiiinrily upon tiie soma in which the germ cell.s art- 
enclosed. Then the somii uiigbt Im; niodilied in lesixinse to the 
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etiiiiiiliiH in the lirHt instance, imd thiu mndiflcntton, wlmtever its 
mitiire (and it might ot course l>e quite unrecognizable \>y ns), 
might affect the perm cells— in which case the genn cells could not 
be entirely Hhut off from the influence of the soma. 

The chief olwtacle in the way of our Ijelief in the inheritance of 
aa|iiired characters lies, as we have already Been, in the difficulty 
of imagining any mechanism adeijuate to hring al>out the. con- 
veraion of soinalK)genic into blastogenic nioclificatinns. Tf, as 
Weisiimnn insists, the germ cells are really inca[mhle of l>eing 
influenced hy the Ixtdy, the difficulty does indeed seem insur- 
niouiitahle ; hut there seems to l>e no valid reason why we should 
follow Weisniaini in this reHi>ect. Nor does it seem necessary 
that we should tulopt any theory wliich ))Ostulates tlie migration 
of material {articles, such as the gemmules of Darwin's pan- 
genesis, in order to get over the difficulty. 

llerl)ert Spencer long ago indicated the direction in which the 
Koluti<m of this problem must l>e sought. " It is," he says, " an 
unquestioimhle deduction from the i)erHiHtence of force, that in 
every individual organism each new incident force must work its 
etpiivalent of change; and that where it is a constant or recurrent 
forcft, the limit of the change it works must he an adaptation of 
structure such as opjmses to the new outer force an eitual inner 
force. The only thing oi>en to <iuestion is, whether such re-a<ljust- 
ment is inheritable ; and further consideration will, I think, show, 
that to say it is not inheritable is in<lirectly to say that force does 
not ])ersist. If all parts of an organism have their functions 
co-ordinated into a moving etiuilibrinm, such that every part 
[Kirpetually influences all other parts, and cannot Ite changed 
without initiating changes in all other parts— if the limit of 
change is the establishment of a complete liarmony among the 
movements, molecular ami other, of all parts ; then among other 
parts that are miKlilied, molecularly or otherwise, must 1h) those 
which cast off the germs of new organisms. The molecules of 
their prmhiced germs must tend ever to conform the motions of 
their coni]>onents, and therefore the arrangements of their com- 
ponents, to the molecular forces of the organism as a whole; and 
if this aggregate of molecular forces is modified in itsdistributicm 
by a local clmnge of structure, the mokxinles of the germs nnist 
\n: gradually changed in the motions atid arrangements of their 
conijKuuints, until they are re-adjusted to the aggregate of mole- 
cular forces. Fur to hold that the moving eijnilibrium of an 
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■ •r^MiiL-iii luHV [■c ultpfcil with-<Dt alterin;^ the uiMWUtenU -^'-ir.: 
••II in n [MrtiL-aliir jEtrt of it. U to li-i]d that tbesie mov^iucnt.- 
ii.it 1^ affirclf^i I.y lilt alt«r%<i dUtrilmiion o( forces ; liiiJ tu li"i'l 
thir- i.- t-» •I'ziiy the iieraLilviice of furw.'" ' 

111 "thtfr W"nU, tht wli.>le L-ou)|>lex tyotem ol fortts wLkL 
■let^rinhi'-s tht^ coii^titnti'^n of ibe Rtrm L*ell:> mast tJt in a ?Ltir 
i.f •-juiliiiriuiii with tlic »yat*ui I'f frnxts which dct^nuitit? tli- 
iMii-tiliiii'iii iif th>: KJv, anJ aiir dibtnrluuce in the liitter iitiK 
li.^ ijit.-l l._v II o •rrei-jioiuiiii': Ji^ttirlutn'e iu the (uniier, Tht »auif 
nhiii iii^ty lur exinvn^d l>y ^lyiu;:: tliat uiodificMtiMii^ of tlie s-iii^ 
iti.-t »^ .-itiuiiili. which luakt^ more or less |>eniianeiit itu|nvN'iiiiir "r 
■■..•ii;.'rrtiii.s* u)"'!! the «enu cells ilt much tb»j liame way llw 
stiiiiiili of varioun kinJ:i received thntUffh the sense orgauB luakt 
iiii[>re.-^:-i'>i]- iiji'Hj certitiii cells in the hmiii. In the oiiseoftbt 
hriiiii ct-ils till- uri^'itial impre»i>iiis may Itecmiie ilnniiitiit ami k 
ivvivi-il later "ii as luem^'ries. which are a kind of repp ni net i<4i 
of tl»r ]>h<'ii<>iiit;iu) til whiul) the imjiresiiioiiis were orijnmiliv due. 
In till- M:,..- 'if the ^'enii cells it is supinised that the eiifjnuus al:- 
Jh.-coiiii; d'Hiiiaiit. hilt are arijiised tii activity a^iii in (he cotirit 
of th>; devel'i[iiUL'iLt of these cell^ into new or^inisius, exer 
thvir iitthienct in such a manner as to bring aliout a kind I'f 
ri^lluctioii. ill Iht! li idy of the iiffs|iriiig, of the parentAl characters 
This i:. tin- Li-iitriil iiiua of the "Mnemic"* tlieorv of herediiv. 
an-'«;iiit.-d riioif is|»-cialK with the names of Heridf-. Saiuui;! 
iJnllcr-' ami Seui.m.' 

ALiionliti;,' to smiie auilmrities it is throngb a etiiitinnttv ot 
|irotM|iJaMii fniui cell lo cell, or esiK?ctaHy tIirou<>h the iierwiu? 
hy>lriji in ill.- ca^i nl tin- lii^^htr iiniiuals, that stimuli ore traii.- 
inillifd fnini lli.r soina In the (^enii cells, hut the assumption nf 
any difmit.- niatcrial pallis for such transmission seems an 
ak.i;,'i'[lier sniii.-rlhioiis i-ncuniliraiicc of the theori\ 

It Inin l.>ii;; iH-eii kiiowu thai it is )iossilik' to send inessa^t-s. or if 
:u- liki^ t'l call thtnt so, stimuli, from one pliice to aiiotlier without 
liny niati-rial tnt-ans of coniniiiniL'ation. The very existence <>f 
lifi' on tilt- earth dt-]H'iids uixin stimuli received in the fonii of 
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li^lit iiinl lioit fnmi the sun iiuross tin interveiiiiigspiiceofivimost 
inciiiietiiviihle extent which ih suppose*! to coiitaiu nothing but 
the hypothetiail and intiuigihle ether. To (icuouiit for such 
tmiiKniiHsion we pustulate the occurrence of vibrations or undutu- 
tinnK in Uiis ether, luid the truth of this theory may now 1)6 
regarded as couchisively demonstrated. The stiniiUation of the 
tteiisoiy cells of the retina by certain of thette vibnitions givHH ritse, 
when tninsinittedahing the optic nerve to certain cells in the brain, 
to the tienKation which we recognize as light, while other 
vibrationt) are perceived by us na heat. 

The raiiid development of wireless telegrajiliy in recent yetire 
has familiarized ub with another type o( vibration in the ether, 
by taking advantage of which we are able ti> send nieKsagns over 
immense distances from one instrument to another, without the 
aid of wires or any other material connections. The lUnitgen 
rays, again, can make impressions upon Hensitive pliotographic 
pbttes after passing through solid objects wliicli are quite imi)er- 
vious to the ordinary light vibrations. 

In view of these facts it seems absurd to deny that the living 
cells of the HoniH, in which doubtless complex vibrations, possibly 
comparable to those which are resjionsiltle tor the [ihunomeua 
of light and electricity, are constantly going on, may conceivably 
intUienee the germ cells without our lieing able to denioristnite 
the existence of material conuectionH by which the necessitry 
Btiniuli might l)e tnmsmitteil. 

The different means of connnunication l)etween one cell and 
another in the living iKuly may lie comi>ared to the ilifferent 
methods by which messages are transmitted Uitwuen distant 
menil>ers of a civilized hunmn connnunity. Th(3 circulation of 
Ihiids (such as the liItHuI) distributes thi-oughout the Ixidy delinite 
Hiilistances secreted by certain cells, whicli may act as skiiuu- 
laiits u|)on other and far distant cells. We may compare this 
tu the transmission of messages by letter post. The nervous 
system of the higher animals, and proUibly also the delicate threads 
of protoplasm which ho frequently cormect one cell with another 
b:>tli in animals and phints, provide a means of connnunication 
wliich is closely com]mrahle to ordinary telegraphy over conducting 
wires. Why should we <leny the |)OKsibility that a third means 
of (roinniunication, analogous to wireh^ss telegraphy, may also 
exist "/ 

Darwin's hypothesis of pangenesis {lepends u[)<>n the 
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oxJKteiiue of the tirKt of these iueaii» of comin unioition. &t :i\- 
(loeH tlie innderu theory of honiioiieH, ehemicAl 8ul>stiiti{.-eti whidi 
lire believed to exerciHe ii most imiKirtant controlling iiifliit^ncr 
over [Hirts of the body that may be far remote from iW 
place wliero tliey tlieriiBelves are secreted,* and the aiJ li 
which haH ivho liuen invoked to account for the phvnmucni 
of heredity. Otliers, ligitiii, hb we have seen, havti cttlled in tlir 
aifi of the second means of communication to nccount fur ihr 
tranHiniHsioii of stimuli from somatic to genu cells, but tlieir 
view iH liardly Hupjiorted by wliat we know of tlie arningement i-f 
the uervoutj system thrtmghout the animal kingdom, and tlit 
difficulty of accepting it is still greater in the ciiKe of pliints, in 
which nodelinite nervous system is develo)>ed. The thin] metli'*! 
of c'unmnnicatioii, liowever, seems oixtn to no ohjectirm, ami. 
whutJier it may be supplemented by the othurK or not. seem^ 
auijily siiHicieiit to account for the facts. 

The faculty of receiving and responding to stimuli of \-aririU!^ 
kinilK is ouo of the most charnctoristic features of living nmt'i- 
plasm. In the higher animals this function is more or li^ 
cimcentrateil in definite sense cells, each of which is lidiipteU for tlir 
reciiplion of stinuili of tme particular kind. The visuiil sense ttlis 
are ndn|ited for the. rece]ition of stimuli from the light-vihnUir<ii» 
of th(! ether, the auditory sense cells are stimulated by vihnitioiis of 
the air or watiir in which the animal lives, the olfitctory tieiiHc cellh 
arc stinuiiati'il by the chmiiciil action of material partieleK, ami 
tilt! tiictih^ cells liy llx^ uiei'haniciil stimuli of conflict and pressure. 
In sueh an or^iiTiism iis the unicellular Am<vl)ti, on the otlitr 
band, all jiiirtsof tbcsuiKiHicial protoplasm are pro I Mihly sensilive 
to hliunili and no special orgiins of sense are ilevelo|)e<l. ^Ve mav 
Well HU]ipiiw. thi^reloni. that the uudifTenintiated genu cells of thf 
niiilliei'iluhir inirunils and phmls are sensitive to siiiuiili receivt^d 
from ibi'soiiialii' cells, tbouf^di it is inijiossihle in the preuent state 
of our knowledge U, dete.nnine tlie nature of these. 

It is not dillicult to ileuionslnile tliiit one cell may actimlly lie 
stiinubiti'il iiy anolher without ibe existence of any pr<itopIaHmi<.- 
comu'ctiiin bi'tweini ibo two, as, [or exani|)lo, in the intituni 
attraction of male uml feuuile gametes. Such stimulation, it is 
true, is usimlly altiibuted, mainly at any rate, to the Keeretion 
of soiLU' s|jecific chi^njical substance which diffuses into the sur- 
i-muiding water, iiiid classed accordingly under the head of 
1 i„/,' |.. :a.i. 
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chemotaxiH. In the case of Spirogyra, however, iliueuased in 
Chiipter X,' it certiiiiily seeme as if chemutaxis were not uufficient 
to liccount for t)ie phenomena. 

Belief in the possibility of the transmission of acquired 
characters frniii somatic to germ cells by no means obliges us to 
throw ovctr Weismaaii's theory of detemiinantB. Indeed it seenm 
necessary t!> postulate thu existence in the germ plasm of some 
Hiicb material priniordia aw the res|M)nsible agents in the trans- 
mission of heritable characters in order to account for the 
Meiidulian phenomena of hybridism, and especially the existence 
of interchangeable unit characters, which will Ite dealt with in 
the following chapter. Moreover, the theory of determinants, as 
we have already seen, harmonizes very well with what we know 
of the microscopic structure of the germ plasm and its liehavioiir 
in cell-division and conjugation. 

It may l>e that it is tho determinants themselves that are 
inllueiiced by sthnuli received from the somatic cells. It is even 
possible that each different kind of determinant ih " tuned " 
to respond to vibrations of a particular wave-length, emanating 
frota corres|)onding determinants in the nuclei of somatic cells of 
a particular kind. Modifications of these somatic cells may then, 
by altering the character of the vibrations in the determinants of 
their own nuclei, affect the corres])imding determinants in the 
distant germ cells in a similar manner. Uy means of some such 
hyi)othesifl as this, which would \ie strictly in accordance with 
modern physical ideas on the subject of the transmission of 
electriciil energy from <me group of electrons to another at a dis- 
tance, any a priori difficulty in accepting the (lossibility of the 
inheritance of acquired characters might l)o removed. 

The case of neuter insects has frequently l>een adduced as a 
eeriouB stumhling block in the way of tlie theory of the origin of 
IHtrmaiient, heritable character:! from somatogenic mo<lihcations, 
for these neuters possess features of their own which are not 
shared by the males and jierfoct females and which, as the 
neuters do not themselves produce offspring, they cannot trans- 
mit directly to future generations. According to Weismonn'e 
theory these characters are supposed to result from fortuitous 
favourable variations of the germ plasm of the parents, which are 
accumulated and intensilied under the iniiuence of natural 



Digitized byGoOgle 



liK) OTTLINES OF EVOLUTIONARY BIOLOCiY 

Relectioii, the welfare of the insect community ns a whole, rather 
than that ot its conatituent individuals, being in this ease tbt 
determining condition through which natural selection operates. 
The case of such connnunities, however, is exactly analo;:oiis m 
that of individuals, except that the single cells are replaced h 
complete and separate multicellular units. The whole coinmuDJK 
may l>e looked upon as one individual of a higher order, and th« 
prnlilem ot the transference of stimuli from the Ixidies of thf 
neulers to the germ cells of the perfect insects differs iu nn 
essential respect from that of the transference of similar stimuli 
from sonititic cells to germ cells in an ordinary individual. The 
close association in which members ot such coiumunities \in 
may lie supposed to facilitate the transfer of such stimuli (arising 
from niodilication ot the somatic cells ot the neuters in response l" 
the environment) to the germ cells of the males and perfeci 
feniiiles, without the aid ot materiiil conductors. 

Ill tiie present state ot our knowledge, ot course, any suggestioos 
which may he [uit forward on this suhject must be regarded as mere 
hypotheses, incapable ot demonstration, and as such they will 
dr>iilitles» iippear to many people to lie unwarrantable. If, however, 
they servo to show that there is no a prion vcason for denying the 
possibility of the transmission of somatogenic characters to the 
gt'in] cells, and thence to future generations, they will serve a 
useful purpose. 

We must, however, again point out that, under normal cir- 
cuiustiiiccs, it probably takes nmiiy generations before anv 
iiLi|ir<'ssioii produced liy iiiodificatton ot the soma upon the geroi 
cells lu'ctnncs so diifply ingrained as to find full OKpi-esaion in thr 
otfspiing produL-t'd liy Ihi^ir di^velopinent. The inipression, oncr 
mjidi'. iippeiiis to he cipially dinicult to remove, and hence faa.<; 
))roli;il)ly aris(^ii that conservatism or inertia ot the germ cells to 
wliifh we have already alluded. Occasionally, however, it aiM>eitrs 
that a Hudilcnly ac([uiri:d somatogenic cluinicter at once makes a 
defp inipi'i'ssmn upon the germ culls. Why this should l>e so we dn 
not know, Inil it is perhaps no more remaikiihle than the well 
known tact thai the giuiii cells themselves may occasionally throw 
asidf^ tlieir conservatism and ^i^'" ''■''•i ^'^ siiorts or mutations.' 

It is \\v]\ known that, ninni altogether from the highly 
spicialize.1 liraiii i-ells. living protoplasm trctjuently has the iK)Wer 
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not only of receiving ftiid reeponiiing immediately to Btimull of 
various kinds, but nlso of storing up impressions or engriims for 
future use. This is demonstrated quite clearly by the phenomena 
known lis " after-effects " in various plants and animals. One of 
the Itest known examples of such after-effects is seen in the daily 
.I>eriodicity of plant growth. The light of the sun acts as a 
restraining or inhibiting stimulus ii])on the rate of growth of 
onlinary plants. In conse(|uence of this the plant grows most 
rapidly in the early hours of the morning after a prolonged 
ex]>osure to darkness, and most slowly in the afternoon, after 
long exjiosure to daylight. It has l>een shown that this daily 
l>eriodicity, or variation in rate of growth in correspondence with 
the i»eriodic variation in environment, is continued when the 
plant is kept in perpetual darkness, and the direct stimulation of 
changing enviroiunent thereby rendered impossible. In other 
words, the plant, though entirely devoid of any nervous system 
in the ordinary sense of the term, e.stal)liHhes a habit, which must 
dejiend upon something analogous to memory on its imrt. 

The mnemic theory of heredity is l>ased, as we have seen, upon a 
comparison of the phenomena of inheritance with those of memory. 
The latter are reasonably explained by eupi>osing that iniiiressions 
received by certain cells of the brain may \>e stored up as 
"engriims" in these cells for use on future occasifms, when, 
under appropriate stimulation, they give rise to mental condi- 
tions correHi>onding to those produced by the original stimuli. 
The stimnluH wliicli evokes a memory is commoidy the 
repetition of some stimulus which was originally ansociated 
with the thing remeuil>ered. Thus the sight of a i)ors(m whom 
we have not seen for a long time, or oven of his portrait, will 
evoke a whole tmin of memories connected with that person. 

The degree of accunwiy with which we renieinlier any occurrence 
de|H;nds jMirtly u]>on the nature of the occurrence itself and 
partly ui«m the frequency with which it has l)een brought under 
our notice. The lirst time we take a walk we may have to pay 
attention to every turning and every signiwist in order to find our 
way at all, hut if we take the same walk many tunes we at length 
Imicouio so familiar with it that we may Ik; thinking of other 
things the whole time and not consciously notice a single land- 
mark from start to finish. As Kaunud Butler has most forcibly 
]Kiinted out, the more i>erfect nmmory l)eccuMes the less is it 
accompanied by consciousness uf the things rememWred.aswhen 
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a skilled iiinaiuian, playing a composition for {jerhaps tk 
hundredth time, is (juite unconscious of the individual actimi? 
which he performs liy memory in striking the notes, while a 
beginner, who has only played the same piece once or twi* 
l>eforo, niiiy l)e acutely conscious of every note which he striken. 
The devBlupment of an individual organism from the €^ i>. 
according to the ninemic theory, merely an UDCoiisciouB reiietitimi. 
hy memory, of acts which Imve been [wrfonued many thons:iii<ls 
of tim<!s by itR ancestors, and. aa in the perforuiance of a pJM-e of 
music, each successive act constitutes the stimulus which fidi? 
forth the next. 

The fertilized ovum maybe looked upon as bein^ chargt^l nitl: 
the latent memories of past generations. The unconscious nienitm 
of what it did last time it was a fertilized ovum prompts it to diviilf 
into two cells, this re -arrangement of its constituents nupplit-^ 
another stimiilim which prompts it to a further division, and sii i>ii 
through all the stages of ontogenetic development. In thf wimU 
of I'nifesKor Fnmuis Darwin, "the rhythm of ontogeny is actualh 
anil literally a hahit." ' 

ProgreHnive evelntion takes place owing to the fact that eaili 
succeHHtve generation may add a little bit to the record on its cwri 
accfuint, this addition )>eing t)ie result of some new ex|>erieiii'F 
due to some difTerence in itw environment as couii>arecl with tlir 
environment of its predecessors. 

There are, tlien, two distinct sets of factors which detenuim- 
the individual iIevelo])ment of any organism, first the inheril^l 
tendencies, or " engranis," and second the Htimuli j)i'ovided h\ 
the environment durhig its own life-time. An egg place*! nndrf 
very lunisiiiil conditions, as, for cxami)le, t<Hi low or too high n 
tem|ieratine, may l>e unable to develop at all. hut if i\u- 
ehimHe of conditions lie but slight the orgiuiism may adni>i 
itself, educate itself and furnish itstdf with a new stiire nf 
experiences, wbicli in course of time may l>e impressed uihui the 
germ plasm and (bus added to the reconl and handeil on t" 
fiitiu^e gi'ncratiimB. 

We ba\'e ah'eady liiyl <tc(;asion to notice, in the case of 
artiJiuiiilly produced cyclopcian fish Itirva'. how an altemtion of the 
envinmiiK'nt not stifticient altogether to prevent development 
may so lar overcome the inherited tendencies of tlie organism 
as III give rise to the prtKlllction of monstrosilies (p, 157), 

' rr..M.l.iiri»l A.l.lrL>* I.i lliu llrilW. AsHji-iiiti.ii', Itiiljlin. IlKW. 
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Such catseH eleiirly prove the immense influence of the envirun- 
nieiit in determining the chiiriicter of the organism. If we iidmit 
that inherited tendencies altio owe their origin in the first instance 
to tlie action of the environment on previous generations, it is 
difSeult to avoid the conclusion that every organism is ultimately 
indebted for all its ctiaracters to the action of external stimuli 
u])on responsive protoplasm. 
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CHAPTER XIV 

Tlie Mcndeliiin experimonte hi hybridization — The doctrine of uiiit 
chanioterti uiiil tho jmrity of tho gnmotos — Goltun's Inw of iuheritumi;. 

WiiATKVEu view we may odnpt aB to the luechaiiiam of hervtlity 
tliei'o mm be no doubt as to the exiHteuce of a material foiinilali<>ii 
for tlie tniiisiiiisBion of characters fioiii pnreut to oflFBprinK. Wr 
know t)iiit the jirotopltitini which forms the material hnBis of ull 
livingthings is continuous, by means of the germ cells or garnet*^, 
in an unbroken stream from one generation to another. At eatli 
conjugation of gametes, however, two such streams are mingled, 
and the offsiiring receives part of its initial stock of protoplasui 
from one parent and [lart from the other, each part bringing witli 
it all the potentialities which may have been derived from a Iou<! 
line of ancestors. Bearing these facts in mind, we must imv 
direct our attention to some results which have l>eeii obtaintid 
by the "MendeUan" method of attacking (he problem uf 
heredity. 

In the early part of tlie nineteenth century much attention whs 
j>aid )>y Itorticidturistij to experiments on the hybridization ol 
plants. It waH fonnd that, within certain limits, it was pohsible 
til fertilize the (lower of one variety ot pknt with the (xdlfii 
of another variety, and in thiH manner to alter the cliaract«r 
of the (iffsprhig. Many ci-ossew or hybrids twtween diffurt'iit 
varieties were tims obtained, differing in various wiiys fniui 
the parent plants. It was also found that by rei««iti3dly fortiJiziii;^ 
the tiowers of one variety with the pollen of another ihti 
descendants of the first conid Ixs entirely changed into the »econd. 
This clearly proved that all the distinctive characters of the male 
jmrent were in some way represented in the pollen grains, ami 
could l>e transmitted by these to future generations, but it also 
proved something more, it iirove<i that it was possible to 
eiiniinate the speeial characters ot the female [wrent, or at least 
to prevent them from manifesting themselves in the offspring. 

As a rule it is only possible to bring such experiments to a 
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Buccessfiil iHsne when working with closely related H]>ecies or 
vtirietieu. The dower of one kind of orchid, for example, miiy 
liorhaps he fertilized hy the pollen of a. different orchid, hut the 
pollen of Huch a. plant as a lily would proliably not have the 
slightest effect upon it. 

The first observer to throw a clear light upon the meaning of 
the reniarktible results obtained by hybridization was Gregor 
Johann Mendel, n native of Austrian Silesia, Ixirn in 1822, whose 
wt)rk has recently attracted so much attention. As Abbot of 
Briinn, he was the happy possessor of a garden, and presumably 
alHo (if that ))eace and <|uiet which are so essential to intellectual 
wiirk. He was not content with merely casual experiments ; ho 
had time to think al)out what he was doing and he attacked the 
problem in the true scientific spirit. Unfortunately for science, 
however, his seclusion was a little too complete. He was content 
to publish his results in 18()5 and 18G!I in the proceedings of a local 
natural history society, where they renutiued buried and almost 
unnoticed for more than thirty years. Thus, by the irony ot fate, 
our own illustrious countryman, Charles Darwin, although a con- 
temporary ot Mendel, probably never heard of those remarkable 
discoveries which hid fair to solve some of the problems in which 
he himself was so deeply interested. 

In nnler to gain an insight into the nature of Mendel's work 
we cannot do Iwtter than turn to his original memoir, entitled 
"K\perhnents in Plant Hybridization," of wliicli an excellent 
tmnslation has been published hy Professor Bateson,' (me of the 
leading expcments of what is now termed Mendelism. Even fifty 
years ago, ex]>erimentH in hybridization were, as we have already 
seen, no new thing. Mendel had many predecessors in this line 
of research, but it was reserved for him to introduce exact 
statistical methods into the work, and it is to these methods that 
he owed his success. It was already known that hybridization, 
or the crossing of distinct s[)ecies anil varieties, might result 
in the production of several distinct types of offspring from 
the same hybrids. Mendel was not content with this know- 
ledge: he pr(n;eed«d by numerous iind often repeated exiieri- 
menls, extending over several years, to classify the offspring 
produced hy hybridization, to follow out their descendants from 
generation to generatifm, and aiNive all to find out the exact 
cal pro|)ortion8 in which the different types apjHiared in 
I Vide Itatvouu, " Memicra I'riiidiili.-,- uf HcKilLiy "' (( amliriilti', IWK')- 

o a 
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vjtmtioiia, or mutations. No lesB tlian twenty -two such 
were chosen f(>r experiment. 

The next thing vtie to select certain diiferentititing c. 
upon which to concentrate attention, and this is a very i] 
IHiint. Of course, all the varieties agreed with one ni 
niont ot their characters ; in other words, they were i 
peas exhibiting the specific characters of the plant I 
)N)taiiistM ikH I'isinn sativum, but they differed id uumero 
features. Of tliese differentiating characters MeDdel 
seven fur the purposes of his experiments, amongst whit 
niunlion only two; (1) the form of the ripe seed, which 
siieaking, may be either round and smooth or ang 
wrinkled ; and (*2) the difference in colour of the seed-oo 
cotyledons, which may be either yellow or green and whic 
determine the colour of the seed as a whole. 
ij !; The two differentiating characters of each pair were ai 

united by cross -fertilization, the flowers of a round-se 
lieing fertilized by the iK)llen of a wrinkled-seeded pea, t 
green-Meeded pea by the pollen of a yellow-seeded pea, ai 
In this way a numl)er of hybrid plants, represented in 
inHtanee hy needs, were obtained.' These hybrids coi 
what modern writers term the F' or "first filial" ge: 
and the curious fivct was observed that every hybri 
retiembled one of the two parents, instead of l>eing, as is f r 
the case in other liybridM, intermediate in character 
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Bubsequeat generations. The character which appears iu the 
hybrid is said to he dominant, while that which is suppreused is 
said to l>e irrensirc In the case of these peas, then, one character 
is always dominant over the other in the hybrid, and, moreover, 
it is always the same character, and it does not matter whether 
it is derived from the male or from the female parent. Thus the 
round form of seed is dominant over the wrinkled, the yellow 
colour of the seed-contents over the green, and so on. 

Having obtained the hybrids, the next step was to follow the 
historj' of the offspring throughout successive generations. For 
this purpose the Kowers of the plants raised from the hybrid 
see<ls were allowed to fertilize themselves with their own pollen, 
no further crossing being permitted. The seeds thus obtained 
(constituting the F* or " second filial " generation) were now 
again apparently of two kinds, resembling the two original i>arent 
forms from wliich the hybrid was produced. Moreover, these two 
kinds occurred in definite proportions, three of the dominant to 
one of the recessive — three round seeds to one wrinkled, three 
yellow to one green, and so on. Of course, these proportions are 
only averages, and, in order to eliminate errors of chance, large 
numl>ers of olwervations mast be made — the greater the number 
the more reliable the result. To take an actual example from 
Mendel's work, 7,324 seeds were obtained in the second trial year 
from the hybrids lietween round and wrinkled. Of this number 
5,474 were found to l>e round, and 1,850 wrinkled^showing the 
ratio of 2'1)6 to 1. Again, out of 8.028 seeds pro<luced by the 
hybrids Iwtween green and yellow, 6,022 were yellow and 2,001 
green, the mtio Iwing 3"01 to 1. These ex))erinients have often 
lieen repeated during recent years, esiMiciaiiy by Mr. A. D. 
Darbishire,' and it is found that the average ratio of three tu one 
is always maintained. 

The significance of this proportion is not at first sight obvious. 
It is necessary to contiime the experiment tor at least another 
generation in order to gain further insight into the matter. We 
have as the result of the self-fertilization of our hybrids 
apparently only two kinds of seeds or plants, which we may 
call ]>, sliowing the dominant character, and It, showing the 
recessive diameter, in the jirojiortion of H D to 1 11. It these 

I S..nie bcHuliful illiislrniiutix of M.'n.Hmn rcBultH in Inxh |'lniit» uikI HMiinats 
nretflvcn in Mr. |)nrl>ii>liiri''«roc<'ntn'ork ■■ llni'liiiL' :in<Mlie Mi'mlcliaii IMn-nvi-rv " 

(('lIM'lli^l'o., !.<).. IDll). 
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plftiits are again cultivated and allowed to fertilize themselves nt 
lind that eveiy one of the R's breeds true, and no matter ht<v 
many generations we raise they will always remain uf thr 
receaHivo type. These are now called "extracted reces^ives.' 
When, however, we cultivate the plants showing the douiinant 
charactor in the same way we soon find that, though miuilar 
to one another externally, they are not in reality all alile. 
for one-tliird of them will yield nothing but D'a, while iht 
remaining twn-thirda will yield D's and R's in the smut 
pr<iiM)rtion of 3 to 1 as the original hybrid. More«%'er, tlie 
D's ol)tiiine<i from the one-third will continue to hreed true 
from generation to generation, and do what we will we t-an 
never get an 11 out of them again. They are called " extracttJ 
dotninantH." 

It is ulivious then, from these exjKriraents, that tlie apimreni 
]> H are not all true D's, hut that two-thtrds of them contain tbr 
recessive characti^r in a latent or dormant condition, and arr, 
therefore, still hylirtd in comimsition. If we indiente those whitli 
we Ciin thus prove hy hreeding to contain the recessive cliaraftt-r 
hy tlio letters!) (It), we can snm the whole story up in the following 
simple diagram :— 

I R WrijlKal Pamill) 



D D D D D Dig) Dig) R D Difi) Og) H R Ft R R - - - F' 

Fki. -,:>. -Jloi,i.liyl.ii.lisi.i. 

Thus WO seo that from genonititui to generation of the 
offspring of tlu^ liyhrid there gmw on a constant sorting out inl<> 
thr(«; cati't^orioH. Uu- two original pari'ntal types and the hybrid 
form iNaug always prodiurcd in delinite proportions. If w,. 
assuiuf thatciicii kind produws on an average an eipml nuuilier 
of »trs{>ring. we shall set^ friun the diagmm that in the coiirst^ of a 
few utau'raliiiTiM of u!ulisturl)t«l reprodiu-tioii liy far the greater 
numlH'r "f Ihe plants will have finally reverted, in equal proixir- 
li.itiH, to ono or otlwr of the original types, hut a certain number 
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will iilwfiys reuiain in the hybrid condition and will continue 
to Hplit up as before in the charncteristic Mendelian proportions. 
\V6 see, then, from MeudeVB experiments, that in the case of 
peas, where one of the two contrasted characters is dominant 
over the other, the oflfBpring of the first hybrid appear in the 
proi)ortion of three apparent dominants to one recessive, but that 
further analysis shows that the real proportion is 

1 D : 2 D (B) : 1 R." 

This proportion has since been observed not only in peas but 
in a large nuiul)er of other cases, including animals as well as 
plants. It is evidently a phenomenon of very common 
occurrence, though we cannot as yet say that it occurs 
rtniversally whenever two forme with contrasted characters are 
crossed. Moreover, as we have already noticed, the phenomenon 
of dominance is not always shown,' and the hybrid may exhibit 
a character intermediate l>etween those of the two parents or 
different from either. The occurrence of Klendeiian projwr- 
tions, however, is sufficiently frequent to demand explanation, 
and this explanation we must now seek. 

Suppose we take a large ncml>er of black and an equal number 
of white counters, all alike in shai>e, size and weight, and after 
shaking them up thoroughly in a img, draw them out two at a 
time, and one on top of the other, without looking. Each jMiir 
that we draw out may consist of white over white, black over white, 
wliiteoverlilack,or black over black. If we draw out a sufliciently 
largenumtterofpairsentirelyat random in this way and then count 
them, we shall find that they occur in the projKirtion : — 1 \V \V : 
1 IJ W : 1 W B : 1 B B, or, since B W and AV B may lie looked 
ui>on as the same, I W \V : 2 W B : 1 B B, or one all white, two 
white and black, atid one all l>Iack ; this Iteing, of course, only 
what is to l>e exi)ected in accordance with the mathematical law 
of proliability. This is also the same as the simple Mendelian' 
projH)rtion, and at once suggests that the latter may, {>erhaps, be 
ex|ilained in a similar way as the result of random union of 
characters in accordance with the laws of chance. 

We know that each individual plant or animal produced by 
sexual reproduction is formed by the union of two genu cells or 
gametes. Now these gametes are formed in very large numltera 

> TliiK is somellnini wrJUt-n mur<' fiilly 1 1> 1) : 2 1) (It) : I It It. Tlio mit^u 
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in the pnrent organisms, and if we 8up|K)Be that each one contllin^ 
only one of the two contrasted characters with which ve »k 
experimenting, and it we fnrther suppose that the two kinds iirt- 
produced in eijual pro]>ortion8 and that they unite at random, 
then, in accordance with the law of chance, we sliould expwl 
to get in the offspring the proportion of one with the nm 
chiiracter, two with l)oth characters and one with the otlit-r 
character, exactly as Mendel found in his experiments.' Tli«f 
seems to be no other possible explanation of the ]lfendfli;ui 
p hen omen a. 

The conclusions to be drawn from these reflnlts are of 
fundamental importance. In the first place, we lenrn that sniitll 
indi\'idntil characters may l>e separately repreneiitecl in thi- 
germ celiw and seiwnitely transmitted from parent to offspriiic. 
This indicates that the entire organism mai/ l)e bnilt np of a 
numl<er of "unit characters," and if we can once estaldL-^li 
the general occurrence of such unit characters we RhatI luvf 
taken a long stride towards the understanding of the laws of 
heredity. 

In the second place, we may conclude from these ex|>erimeut^ 
that, as regards the unit characters with which we are <lealin<;. 
we have a cuniidete segregation amongst the gei-ni cells or 
gametes, each of which carries only one of each pair of contrasted 
characters (technically termed allelomorphs), and in this resiiect 
it makes no differcneo whether the germ cell l>e male or fenialt'. 
Thus we arrive at what is sometimes terrae<l the doctrine of llif 
" purity of the gametes" — purity, that is to say, witli re'^^inl In 
each character of any such contrasted pair, and without reference 
to the other iiinunu'ralile tharacters which nuist l>e rej>resented 
in the germ cells in order that the whole complex structure of the 
organism may lie developed from them. 

Wt'. may now examine an examjde of a class of ])rficttfal 
proiilems whicli may 1h' -solved hy the application of sncli siiujdc 
Menilelian principles. 

l*'owl- fanciers are well acijuaintt^d with a particular hretnl of 
fowl known as the lihie Andalusian. It has long Iteen known 
that this kind of fowl cannot be made to breed true. Some of 
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tbe offHpriiiR will )je white mid others white with black splashes, 
tlie reiimiiulei- l»eiiig like the parents. It has l>een shown, 
moreover, tliat the three kinds of chicken occur, on an average, in 
definite i>rop»rtir>ns, a quarter being black, a half blue, and a 
(luartor white Bplashed with black. Here we have the tamiliar 
Mendelian ])roportion 1:2:1, suggesting that the blue Andalusian 
is really a hybrid, and that the so-called " wasters " are the parent 
forniH. It is easy to prove that this is the case, for if the two 
kind.s of waster are mated we invariably get the blue Andalusian 
again. The old idea of the so-called practical breeder would have 
been to go on destroying the wasters and carefully selecting the 
blues in order to maintain the " purity of the breed," We now 
know, however, that there is no such thing as a pure blue A ndalu- 
sian breed ; the blue isreallya hybrid, and you can get more blues 
by mating the wasters than by breeding from tbe blues 
themselves. This case is also interesting as affording an example 
of a hybrid which differs in character from either of tbe parent 
forms. 

If only a single pair of alternative characters or allelomorphs is 
tiealt with in the experiment the case is termed one of luono- 
hybridism, and such cases yield the prnjiortion 1:2:1 (or 
apparently 1 : 3 in cases of dominance) amongst the offspring of 
the hybrid, i.e. in the V generation. It will frequently hapi)en, 
however, that the tw(» varieties which are united in the fonnation 
of the hybrid will differ from one another as regards m()re than 
one pair of contrasted characters. We may illustrate this liy a 
case of dihybridism, in which two jwiirs of contrasted characters 
are involved. The case selected is one which shows us how. 
under certain circumstances, we can obtain a hybrid exhibiting 
an entirely now combination of characters, which in spite of its 
hybrid nature will continue to breed true. 

Suppose n ganlener had only two kinds of jieas, one with round 
UnH'n seeds and the other with wrinkled yellow seeds, and that he 
wished to obtain [leas with wrinkled green seeds. Mendel has 
shown us how he may get what he desires, Ixith surely and 
s|ineilily, frimi the material already in his jMissession. 

Tiio necessary procedure will he evident from the f<dlowing 
Hcht'Uie : — 

Let U = ninnd, W = wrinkled, Y = yellow, and G = green. 
We know from previous experiments that It is dominant to W, 
anil V to G. 
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ROemsswlwitli'WY gives the hybrid, R(G) (W) Y, whicb,iiffii; 
ti) the doui ilia nee of R luid Y, will aii[>enr in the fonn of nuLiM 
yellow st>e<ls (the hrncketa nround the G and W indicatiii;.' [l> 
recessive intture of };reen and wrinkled). That is not wliat <■■■'•: 
^inleiier wants, and if he knew no better he would imtiiralK I' 




Til-. Nl.— All Kxiuiiiik' of IlihyhriilLim in Pea:!. 

H1U...I flln« i«.|,; II. r,.iiii.l ^-r,,.!! |»-,is ; C, hylmil imu. (Fi i^npnttioii, T..1111.I 
>i.l >,.U,™ i.. .i|.,.„ra„,v i.r..!ii>-,.,i l.y >.n.«hiK A <««\ »; l>, t<lu>t ..f Ihp F' 

.i.r.i.H,.|...,t l.„.|-. r.>.iii.l v-ll-*. ■""■■■I (-■"■•■ii. »ri«kl«) j-WLw.iMnI wririkl«l"«^v«. 



iiiiirli clis;i]i|i:initi>(l with the result. If, however, tho hybrids l* 
allowfil I 1 ferlilint' tlivnisi'lves anil repiiHlnce. then tlimr of[- 
s|iriii<r will a|i)H'ni' in the iipgiarent ()ro)ii)rtions : — 

!H; Y : :il!(i : :( \V Y : 1 W ii, 
no aci-oiinl U-iny l:iken ()f the non-:t])|iarent n^onsive chnnu'U>rs. 
Tlie iiieiininf^ of i)ie proiiortioii II : :l : :) : I oxhibtteti in tlij^ 
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case wil \ie readily understood from the accompanying table 
(Fig. 81) :— 



11 V 


H V 

RO 
EG 

II (ty 
(W)Y 


(W) Y 
RY 

CW)Y 

KCG) 


(W) (G) 
R Y 


It Y 
RCC) 

It Y 
(W)Y 


(W) G 
KG 


W V 
W Y 


\V(0) 
W Y 


11 Y 

(W) (d) 


ltd 


W Y 

W (G> 


WG 
WG 



Fio. Nl. Dihj-liridiHin. 

Tlift onnBtitution of the hybrid (in bo fnr as the chnrnctere in 
(giiestion are concerned) is B (G) (\V) Y. Each of its genu cells, 
however, contains one character, and one only, from each con- 
trasted jMiir. Each may, therefore, contiiln R Y, 11 G, W Y or 
W G. These different kinds of genu cells will occur on the 
avprage in eijnal nund)er8, and on self-fertilization of the liyhrid 
llowers they will unite in pairs at random. The i)ossihle 
ways in which such union may take place are shown in the table, 
and if allowance Ite made for the phenomenon of dominance, in 
accordance with which 6 disappears from view whenever it meets 
Y, and W whenever it meets U (as indicated by tlie brackets in 
the table), we get the ap|>arent projMirtion of !l round yellow 
«i;i;dH, :t ninnd green seeds. It wrinkled yellow seeds, and 1 wrinkle<l 
green seed. The nnmlter of wrinkled green seeds will lie small at 
lirst, but they will breed true, containing as they do only the 
vxtractiM] recessive charactei's, for if a dominant character were 
])n:sent it wt>nld necessarily show its<df. 

Thus we see that one way of producing new forms of jdants 
and animals is by the artificial combination of characters 
which alrmdy exist in different varieties. Tbej^e elementary or 
unit characters can lie brought together by the process of hy- 
bridization, und new organisms produced in s<m)ewhat the saniu 
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way as that in wliicli tlie chemist is able to produce new conti>oiui4 
i)y analysis and syiitliesis from other subetances. 

Probably no man has made more successful use of the |)mc(-ii 
of hybridization in the production of new and valuable fonus <■{ 
plant-life than Luther Eurbank, at hia celebrated CaliforoiMi 
nurseries. Mr. Burliank himself is unfortunately not a writer. 
and for a scientific account of his work we are indebted b> 
Professor Hufio de Vries, who in hie book on " Plant Breedins"' 
descrilma what he himself saw and heard during his visits to 
Sir. Burbank's farms. Some idea of the commercial \-aIue ct 
Mr. iinrliank's work may Ire formed from the fact that spetisl 
ciinipiinies have been formed for tlie propagation and sale ol 
some of these wonderful hybrids. White blackberries, stoneles^ 
prunes, " plunieots " and thornless caeti are only some amou^^t 
tlie many novelties which he baa produced by crossing differeat 
viiriftit's by hybridization and thus combining two or moiv 
desitable <jualities in one plant. 

Tiike, ffir instimee, tlie case of the stoneless pruue. It luwi 
Kuiiii'how (ir other come to the knowledge of Mr. Burbank thai 
almut -iOO years ii^o there existed in Francea plum known as the 
'■ Piinie Hiins niiyiiu." He succeeded in obtaining specimens of 
this fruit, but it ju-ovetl to be of little or no commercial \-aluf 
owiTi^' to its jinor <|iiality. Its one vahiable feature was its stone- 
It-ssTifss. and Builnink set to work to transfer this character, hv 
hybii.Hziition. to a viuiety of good (jiiality. He succeede«I, anil 
tbcio iip|ii>arM ti. lie no reason why the stoneless character should 
nut be siiiLiliirly implanted njion all the different varieties of 
]ilniiiw Tii>w in cultivation. 

Kiiniliirly. (be " pluincnts" are hybrids l>etween plums and 
aprii-dt.s, wbii-li Pnifessur de Vries K{ii.>aks of as "most delieious 
ami heimtifid fruits." 

It uiiist be iiduiittf'il that liurbank's work is practical rather 
than Huiciititic. lie appareiitly pays no attention to the law of 
Mendel in his oponitioiis, and just goes on hybridizing until lie 
{■ets what liii wants. In this process enormous numlwrs of planL-s 
which do not fidJil liis reipiirements have to l)e destroyed fi)r 
every one thai is wortli |)reservinf;. 

He is nut necessarily eonceriuid with the pniduclion ot pure 
luveds ; of forms, that is to say. which will bree<l true from seinl. 

' n.i.'o.ii. Vii.-, ■■ I'bi.r |!iv..Hii.;"(I...M.Inii.K,.K:iii riiiil.TrciK'li. Trtil.r„.rA, C.... 
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or, in otlier words, of forms which will hand on their desinihle 
<]Uiilitie8 ti) f utu re (generation B hy heredity. This does not mutter 
in tlie eime of fruit trees itnd utlier plants which cnn be propa- 
gated hy buds independently of sexual reproduction. As a 
geiieriil rule, & fruit tree cannot be relied upon to come true 
from see<I, the characters which it hns received fnim different 
ancestors not being penuiinently combined, but 8ei)arating out 
and undergoing fresh combinations in the sexual process, pro- 
bably in accordance with Mendeliitn principles. The seedlings 
will therefore be " degenerate," as horticulturists say, and will no 
longer exhibit those valuable tjualities which de))end upon the 
confluence in one individual of [mrticular lines of ancestry. 

The majority of Burimnk's productions could not survive in a 
state of nature ut all ; they are essentially artiticial and have to 
be artifii'iaUy propagated by means of buds or cuttings. In this 
respect they are quite different from the pure races which it is 
possible to produce by hybridisation carried out in accordance 
with Mendelitui principles, in which new and permanent com- 
binations of unit characters, capable of being transmitted by 
liere<lity, are effected. 

Professor Bateson, Professor Biffen, Mr. Hurst and others have 
lately done much to demonstrate the possibilities of progress in 
this direction, and the value which the ap[>lication of the 
Mendelian princi^iles of heredity must have from the economic 
pt)int of view. We know now that such cereals as wheat and Itarley 
obey the Mendelian laws of hybridization as regiirds various 
important characters. Bo also do lir)rHes as regards the colour of 
their coats, and human beings as regards the colour of their eyes, 
and in some other resi>ects, especially as regards the inheritance 
of certain diseases. In short, it appears certain that Mendelian 
principles have a very general apjilication, and the economic 
value of the knowledge of such principles must Ihj enormous. 
Professor IMffen has shown, for example, that susceptibility and 
insusceptibility to that destructive disease in wheat known as 
" rust," )>ehave as Mendelian characters, and that it is possible 
hy a very simple process of hybridization to confer innnunity 
from this disease ujHm naturally susceptiiile variuties. 

From the theoretical point of view the great value of the 
Mendelian experiments lies in the possibilities which they present, 
at any rate in certahi cases, of analyzing the constitution of the 
hereditary substance (germ plasm), and thereby gaining some 
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iniii'L: ivj." thr r^ oitoK of hi^rtditr. We may re^iani ilw 
csl^^n-rtr ■'( ■■ anil ebkraoters " as bein;;; eont-lasivtrl y Jeiut>ii?tntl<^l 
}-y :Lt^ csr-^risitrQii. and the Eaet that we are at»lc to int«^rL-luii;;<; 
th>^^ ■:i^r^j:^r? an<i to add and sabtract particnlar charactrr^ 'r- 
azA fr I!, rhr; or^inism sc«m~ to indicate verj' clearly that lit- 
■^':na |ila-!u laast L-><ntain mattrrial primorxlia or " taetoni." an tlitv 
nf; 'ft-rn ca'SHl, which are re^i^^nsible for the develi'inntiii '-f 

In ?• fur u: they denioDftrate the existence of such fuctKr^— 
whi'.'h »:ri'l^ii[ly o ■iT<i:=[">nd vtrj- cl'>sely with WeisiuannV hvj->- 
t!>>rd'--a[ iletfrniiEiiaiii? — ih« MendeliuD experiment si uiav It- tnkfu 
it- :iff'>ri]iu^' C"iitirmati"ii of WeiBiuanu's theory nf the c<>nstitii- 
ti'ti "f th«r ;:erm i>la.<m. Their resoJts al^ haruiimize ven^ wtl) 
with th'.T^e ■>! rpceiii cylolofiicai investij;!Htioiis. We have mth 
lh,it lliere i> jtr'-nj: evidence for re^nhu;; the chronnilin 
.-nl'.'it^ince '.f tht; nucleu^j tis the material \xtsis of here*litv. 1\V 
hiive further ^etn that tbis chiuiuatiu is very c<im|ilvx in 
:^^ruct^^e and th^tt thtirhromo^jtuer.oruDitii of the highest urdt-t 
of wliiirli it i.-^ o< >iui'.>:re<.I. can in many cases 1>e optically re&olvtil 
int J *:Iir' 'm- ini«^rts or units nf the uesl lower order. According 
Vi Wti.-iiiijnii'; iliorv thtse chromomeres or ids are In their 
turn inadt iij" id the determinants. Moreover the ai^siiciii- 
tioii.-; and reili^trilniti'ms of ehrnmosnmes which take jilai-t' 
in the [ir'n-es.-i "if "rtdiictioii " and ia the conjn<^tioii of the 
;^enii i:t.n.s seeiu v> affiml ample iii>nortunity lor those {ternmta- 
tixiisaitiK-oiiiiiiuatiou;^ of factors the occurrence of which iridfnioii- 
stratfil I'V tile ^[elll^elian exiieriments. As Professor Farmer 
>ili;-erve:-, "■ The faLtn of nitio^is ' are seen to full completelv into 
liijL- wiili Loiitlii^-i'jiis drawn frmii experinieiits on hreedinj? as far 
a.- ihe niinitrical distrilnitinri of characters is Cfincerned." ■' 

The doi-triiie of the "i»urily id the j-a metes " teaches us thai 
any j^iveiL maluce senii cell contains only one meml>er of any 
yiven [liiir of iilteriiative factors or jtriniordiit (alleloinorjihs). 
T)iis may Ite accounted for hy the jiairhi^ of tliu chruiiiosomes 
and the siiliseinient luilving <d llieir nuuilrer which take place at 
some jM?riod or other prior to the formation of the fiiimetes. 
There is fftnd reason to ln-liirve tliat eavh memlicr of such a |mir 
of chromosomes is homol()<;'ius with or niori>ho|ci<iieally e<iuivalent 

' A--. rliL- |.lirtK>iii.>iiii ni-ii,Mii.:iiiv;iij.- 111.- HHin.'tii.n in llie iiniiiUr..f _rlintiii.,ionn» 
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to the iitlier, tlie difference between them lying in the fcwt that 
one is paternal and the other maternal in origin.* Reduction (nr 
halving of the total numl>er of chrotnosomeH) is &CGom]>li»hed by 
the diutribiitiou oF the two nieml>erB of each pair to different 
daughter cells. Hence if the paternal and maternal cliromoHOmes 
contain different alternative factors (or determinants), derived 
from different parents, so also will the gametes when these are 
formed. 

Stip|)OBe we represent the two members of any pair of factors 
by the letters a and h, then any one gamete may contain either 
a or b, but not l)oth. ^Vhen the gametes unite in conjugation the 
zygote will again liave both maternal and paternal chromosomes 
and there will lie three possibilities as to its constitution in 
regard to the cliarocters in ({uestion. If a gamete containing if 
happens to unite with another containing a the zygote will 
contain the pair a a, and will lie termed in Mendelian phraseology 
a " homozygote." ' If a gamete containing /(happens to unite 
with another containing /> the zygote will contain the pair h h and 
will agatu l)e a homozygote. If, on the other hand, a gamete 
conttiining a unites with another containing b the zygote will 
contain the pair a h, and such a zygote is termed a " heterozygote " 
or hybrid. 

In accordance with what is termed the " presence or absence 
liyiM)thesis " (me of the two " factors" in an allelomorphic pair may 
l>e merely negative in character ; i.f. it may have no real existence 
as a material primordium or detennhiant. In the words of 
Professor Bateson/'Allol)servationK point to a conclusion of ^reat 
im[H>rtance, namely that a dominant character is the condition 
due to the prt»em-e of a definite factor, while the corresjHinding 
riKicssivo owes its condition to the alinciin- of the same factor. This 
generalization, which so far as we yet sue, is applicahle throughout 
the whole range of Mendelian phenomena, renders invaluable 
assistance hi the interpretation of the pheiunnena of Jleredity. 
The greeti [)eti, for instance, owes its recessive greenness to the 
iiImihi:- of the factor which, if present, woubl turn the colouring 
niattf^r yellow, and so forth." ^ 

It is obvious that if, in our general formula, we tiike a to 
ri^prt^ent the dominant factor and h the recessive, we might 

■ lu(.iiMirL'(hi>],lcr .K. 

' TliiH liiroi ha.4 bu'ii I'Xd.'inli'il lu the fully <lcvrlo]i<il nr^'iiiiiHin wliidi iiristH from 

■ ill' !!Vl.'Otf. 

' Itiiluwu, ■' McmlL-rs l'rilid|ik'< nl llcrulily " {(';iniliriiiK<s IlKKI). \'\>. -'3-.'.J. 
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sulistitutefWaforb without altering the result, and the diflertiut^ 
Iietwtieti the puternal and maternal chromosomes of any giveu jwir 
may depend merely upon the absence from one or tJie other •■[ 
one or more factors which are present in its mate. 

Alendelian phenomena are often greatly conipliotieil aii'i 
rendered very difficult of interpretation by the fact tliiit the 
activity of a given factor, or its power to inSueuce the developTtn-nl 
of t)ie zygote, may be dependent upon the presence of itiiutlx^r 
factor l>elonging to a different " allelomorphic imir," In ulLtr 
woidri, a given character may depend not merely ui>on tin 
presence of a single factor in the zygote but ux>on the co-o|>entli<:ii 
of two or more factors, and if these factors hai)pen to Iju segmmtH! 
in the process of reduction and do not )iapi>en to cmut 
together again in the union of the gametes to form the zv;jilt. 
then the character in question • will not apiiear in tlie orguniMu 
developed from tlie zygote. In this way it may hapjien that * 
character wliicli was present in the ancestors of a j>articHl»r 
organiijui may disappear for many generations and then suddenh 
rc-jippear as the result of some cross or hybridization in whicli 
the necessary factors happen to lie brought together again in llir 
zygote. In this way are explained those cases of " reversion " m 
ancestral ty^ies which Darwin found to occur so fret|iieiitlv Wi tlic 
result of cross-breeding. 

One of the most thoroughly investigated cases of this kiniM i^ 
that of certain white sweet peas l>elonging to the variety known 
to horticulturists as " Emily Henderson," Plants of this variciv 
art' not really all alike but differ from one another in the shaiX' <<f 
thfir pollen grains, and when the two kinds, distin(^iiiuhahle imlv 
in this way. are crossed, the offspring are frequenttv found M 
possess ]iur)i]e (lowers resembling tliotie of the wiM Sicilian \trA 
fiiim wliich our uultivnted varieties have Iwen derive)]. It is u"I 
in ccssaiy to go into the somewhat complictUed anulytiis of tlii? 
case in any detail, hut it has lieen demimstrated by the rfsearcht'> 
of I'rofi'ssiir lialeson and Professor Punnett that the re-appennnitt 
of the lost colour in the hylirid is due to the re-union in tli*. zvgutc 
of certain factors which had become separate<l at some i>eri(Hl or 
otlier in the ancestral history of the white-HowertHl parents. 

The existence of interactions of this kind lietween tlic different 

factors or determinants in the germ plasm, giving rise often lu 

< l'riifi>-.)r lliili-wiri liTiiii' siidi i-li.inicdTs -'oiiiiixiiiii'i i-haracli-Pi.." 
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very complex results as regards the characters of the offspring, is 
it sufficient explanation of the fact that many cases of hybridism 
arc at present incapable of interpretation in terms of the 
Mendelian theory, and sucb cases cannot l>e legitimately used as 
arguments against the validity of that theory. It is obviously 
impossible to explain the results of any particular cross until we 
have some knowledge, not only of the extremely complex con- 
stitution of the parental germ plasm on both sides, but also of 
the way in which the factors which meet in the zygote may be 
expected to influence one another. 

Mendelian phenomena, of course, can occur only as a result 
of crossing or hybridization at some stage or other of the 
ancestral history, and it does not seem likely that such crossing 
lias had any very great influence upon the evolution of plantu and 
animals in a state of nature. In cases of moiiohybridism, as we 
have seen above, the hybrid form in the course of a few generations 
would proliably l>e quite swamped by the numerical preiiondemnce 
of tlie pure extracted forms which have reverted to one or other 
of the original parental types, the hybrid itself never lieing 
permanently fixed. New and permanent combinations may, of 
course, sometimes arise naturally through dihybridism, but they 
would at iirHt l>e produced in very small numbers and could only 
be expected to survive hi the struggle for existence if they 
liap]>ened to possess some material advantage over the parent 
forms. ThuH it appears that in a state of nature the results of 
hybriilization tend to l>e automatically eliminated. 

Attention has frequently l)een called to the alleged discrepancy 
between the results of the Mendelian ex2>erimeiitH and those 
o])tained by the late Sir Francis Galton and others by statistical 
methods lNiHe<l u|»)n the quantitative estJTnation of characters in 
a iiumlwr of successive generations. As a result of his investiga- 
tions (ialtoii was able to formulate the following "Law" of 
inheritance :— " The two parents contribute Itetween them on the 
avcrnfje one-half, or {0-5) of the total luuitage of the offspring ; 
the [our grand-jMirents, one-quarter, or (0-5)- ; the eight great- 
grand {Mirents, one-eighth, or (0-5)', and so on. Thus the sum 
of the ancestral ctmtributions is expresswl by tlio series KO'S) + 
{O'&f + (O'S)''', Ac.}, which, lieing equal to 1, accounts for the 
whfde heritage."' 

This series has been modified by i'rofessor Karl Pearson for 
' )'r<iovG(lin)ni of tlic llnyal SiK-kfy nf bimli-n. Vrjl. r,XI., 1M'.>", |i. i<i-!. 
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certain reasons into which we cannot «uter in this place, hut ii 
may be taken as a suhstantially correct expression of the rewnli? 
obtained by hiometrieal inquiry. It we retnenil>er that (ialtim - 
Law merely expresses the averaije results viiich may l>t^ iinliti- 
pated from the interbreeding of a large i>opulation, in whitli 
hyliridization prolmbly plays a very small part, it does not api»;ir 
in any way antagonistic to the Mendelian theory. It is of cmirst 
not applicable to individual cases of hybridization, wliere we .iiv 
concerned, not with small variations in the same character^;. IxJt 
with the permutations and combinations of alternative tlianult-r 
nntts. 

Intimately bound up with Galton's Law of Inheritance i^ 
another important generalization known as the Law of Filial 
Regression, which we owe to the same distinguished philuso]>her. 
The law of ancestral inheritance teaches us that on an avni-i. 
the individual derives half its characteristics from its immediate 
parents and the remaining half from its more remote aneestr}'. 
If t)ie immediate parents, or one of them, happen to depart from 
the average condition of the race in resj>ect of any character 
tliere will lie a tendency on the part of the offspring to inherit 
the devijition in ({uestion ; but not to the same extent, for tht- 
intluonce of the more remote ancestry will tend to countenu-t 
that of the parentH and cause a partial return — or regression— 
towards mediocrity. As a result of his statistical investiga- 
tions Galton estimated that the offspring of parents exhibitiD<.' 
a marked deviation frora the average would teml to inherit thai 
deviation to the extent of only one-third of its magnitude in the 
imrents (the mean of the two parental deviations being taken at' 
the standard of comiMirison). In the words of Proft^ssor Karl 
Pearson, " It is the heavy weight of this mediocre ancestry whicli 
causes the son of an exce|>tional father to regress towards tht 
general population mean ; it is the balance of this sturdy eommon- 
placeness which enables the son of a degenerate father to escii]ie 
the whole burden of the parental ill. Among mankind we tnisl 
largely for our exceptional men to extreme variations ocetirrinp 
annmg the eommonplaec, but ... if we eould remove tlie 
drag of the mediocre element in ancestry, were it only for a few 
gencnilions, we should sensibly eliminate regression or creat« x 
stock of exceptional men."' 
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PART IV.— THE THEORY AND EVIDENCE OP 
ORGANIC EVOLUTION: ADAPTATION 

CHAPTEE XV 

Oi^iiic evolution verain specinl creation— Si>oii tan ooua generation and 
biogenesis —The origin of living things. 

At the preBent day we see the surfttce of the earth teeming nith 
hosts of living things, incalculable in numher and of endless 
diversity in form and structure. Every situation where life is 
possible is occupied by plants or animals of some kind or other, 
all specially adapted in bodily organization to the conditions 
under which they have to maintain their existence. From the 
bleak and inhospitable summits of high mountain ranges to ocean 
depths which can be measured in miles; from the perpetually 
frozen circumpolar regions to the torrid zone on either side of 
the equator, living things abound. Seaa, rivers, lakes, dry land 
anil air have all alike been taken posuession of by representatives 
of the animal and vegetable kingdoms. A single drop of water 
may contain thoustinds of organisms, and every chalk-cliff, coal- 
seam or peat-bog testifies to the countless myriads which have 
lived in past times and whose remains have contributed in no 
small measure to the formation of the earth's crust 

In the animal kingdom alone it is prol)able tliat at least a 
million different kinds or species are living on the earth at the 
present day. Some half million or so have already l>een dis- 
covered, named and more or less imperfectly described, while 
every exploring expedition brings Iwick many which have never 
liefoFi! lieen seen. 

Nevertheless there must have been a time when no living 
things whatever existeil on the earth. According to the 
nebular hyiwthesiH our planet is still gradually cooling from a 
molten state, preceded prol»ably by an incandescent gaseous 
condition, which must have rendered the existence of any proto- 
plasmic organism a physical impossibility. I'rotoplasm Iweomes 
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evolution, or transiuuUtion o( specisB, as in accordance with that 
of s{H!cial creation. 

Tlie fundamental ilifTerence Iwtween these two opiWBing and 
irreconcilable doctrines can be expressed by means of the 
accompanying simple diagrams (Fig. 82) :— 



'W 'w \X '%^' W 'xF* W ' V W V 




special Creation 



Fio. »2. 



The letters A — E are supposed to represent five closely rulated 
existing species in eac)i case. According to the doctrine of 
s|ieci!tl creation each of these spucios has [lersisted without itltera- 
tion from the time when it was first created, so that the 
ancostral siiecies may Ix) represented l>y the letters A' B' C D' 
aud £', and the lines of descent of existing species run parallel 
^'ith one another. The idea of evolution, on the other hand, 
is expressed by showing these lines of descent diverging from 
a remote ancestral «i>Ocies, x, which may have l>een ijuite difTerent 
in character from any of the existing s|)ecie8. 

Any existing species at the present dity is made up of a 
larger or smaller numl>er of individual organisms, and we know 
as a matter of fact, proved by daily observation, that these 



Digitized byGoOgle 



214 OUTLINES OF EVOLUTIONARY BIOLOGY 

iudividiials arise by some procesB of reproduction from pre-exist- 
ing parent individuals. This is represented in the upper iwrti- 
of both diagrams, where a 1 — 8, b 1 — 7, e 1 — 4, d 1 — 5 umi 
e 1 — 5, on each side, are supposed to represent smnll groups "f 
individuals of the species A B C D and E reBpectively, each 
group being descended from some common aucestor (or i»air of 
ancestors) which itself belonged to the species. 

The study of this diagram is alone sufficient to afford strong 
presumptive evidence in favour of the view of the evolutionist as 
against that of the upholder of special creation, for the ewjlu- 
tionist in his imiigination extends backwards into tlie past tbt 
processes which he sees taking phice constantly at the ])res«ut 
day, and endeavours to account for the origin of species iu 
accordance witli what he knows to be true of the origin of 
individuals, hi other words, the diagram expressing the idea of 
organic evolution is consistent throughout, whereas that wlui-h 
represents the idea of special creation is made up of two incnii- 
gruoUH portions, and is therefore less likely to be correct. The 
great weakness of the doctrine of special creation, however, lit« 
in its failure to explain countless facts of comparative auatuiuv. 
embryology, geographical distribution and palieontology, all of 
which are reiulily explicable in terms of evolution. We shall 
deivl with some of these facts in subsequent chapters. 

It is obvious, then, that in order to be logically consistent the 
evolutionist need not postulate more than a single starting point 
for the evolution of the whole organic world, though he is nut 
obliged to limit hhnself in this way should evidence be forth- 
coming that there has l)een more than one starting point. This 
brings us to the consideration of the extremely difficult and at 
present (ptite insoluble problem of the origin of the first livhip 
organisms. 

Here again we may first in^piire whether our experience of what 
takejj place at tho present day throws any light ut)on the proMeni. 
Many ])eople in the past have held, and some few still maintain, 
that living things may, even now, arise from not-living matter. 
This is known as the doctrine of " Si>ontaneouH Generation " or 
iiiiiii'jfiirHiK. One of the earliest expressions of tliis idea is met 
with in classical niytliology, in the story of the birth of Ajdiroflite 
from the sea-foam ; and Vergil, in the Oeorgics, accepts tlie prin- 
ciple involved therein apparently in (>orfectly good faith. 

Vergil's a;:cou]it of tlie manner in which a swarm of bees mav 
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be jiruiluced from the deeompoeing body of a dead ox affords a 
very striking illustration of that want of scientific training in 
oliHervution and reasoning which has led to so many erroneous 
licliefs. He tells us, with much elaboration of detail, that if the 
body of an o\ is welt beaten and enclosed in a suitable chamber a 
HWarni of bees will arise from it within a certain number of days. 
We now know |)erfectly well what may really happen under these 
circumstances. In the first place the supposed bees are not bees 
at all, but drone-flies, which superficially resemble liees, though 
easily recognizable as belonging to a totally different order of 
insectu by the fact that they possess only two wings instead of 
four, and consequently any husbandman who followed Vergil's 
instructions must have been grievously disappointed in bis 
exi>eetations of honey. In the second place the drone-Hies are not 
spontaneously generated from the body of the ox, or from any- 
thing else, but are batched out, first in the form of maggots, from 
eggs wliicli were laid by pre-existing flies. These maggots, 
having fed abundantly on the decaying carcase, presently undergo 
their metamorphosis and emerge as flies. 

Many similar instances of alleged spontaneous generation, all 
resting utMin gross ignorance of the real facts of the ease, might 
he collected from the writings of ancient and medieval authors. 
The cruder stories, which could he easily disproved by simple 
observation, were soon cast aside as fables under the influence of 
modern scientific methods. The invention of the microscope, 
however, and the consequent revelation of a new world of 
hitherto invisible organisms, led to a revival of the doctrine of 
abiogenesis. It was noticetl that organic infusions, even after 
Ixiiling, presently l>ecame densely filled with various kinds of 
micn>-organiKius, especially Bacteria, and as the Ixiiling was 
HUppo8e<l to have killed any organisms that might have ))een in 
them at first it was argiieil that living things arose in them 
lie li'nii, by spontaneous generation. This was, liowever, merely 
a revival of Vergil's story of the swarm of liees in a more refined 
form. Had Vergil's ox been protected from flies none of the 
alh^ged bees would have beun produc(id, and the careful oxiHtri- 
mriits of such oliservers as Tyudall and Pasteur have conclusively 
demonstrated that if the organic infusions are ade<]mttely pro- 
tected from the cuunlless microscopical germs which float in the 
air they will remain free from living organisms, and consequently 
from putrefaction, for an indetiiiite iwriwl, provided always that 
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ttuiy lire tlieiiiKiOven first properly Hterilized. TIub KU-riliziiEi' n. 
however, wiriiiot iilwujs be effected by a single iKiilin^. fur ti:. 
germs of some organisms are extremely resiHtuiit to li«iit ;i].ii 
Kliecial ijrecimtioiiB have to be taken accordingly. 

Every story of alleged spontaneous genenttion hi\i>. nn f.ir. 
fulled to stand the test of scientific criticimn anil ex)>eriment. am] 
accord iiif^Iy biologists are now almost unanimous in inaimiiinin;: 
the contrary doctrine of biiypfnesis, which teaches tliat. at th< 
])reseiit day at any rate, living organisms arise only by rt']<r:- 
duction from pre-existing living organisms. Nevert lit- Il-sk- tlii-it 
ninst, liH v,e have seen, have been a time when there were ii- 
living things on the earth, and therefore living things must hnvr 
eitbor reached the earth from some outside source or iiavi; arlNij 
on the earth itself from matter which was previouBlv not-Iiviiii:. 
or in other words, by spontaneous generation. It Keeins ii.s if v., 
hud gilt tn take our choice between these two alternatives, ni-iih.r 
of which is at all easy to accept. 

It hiis been nisintained by some that organic life is eternal aii<l 
is tmiisferred from one world to another — iwssihly on nietw>rilfp— 
in the form of minute germs or "Cosmozoa," but no one has t-wr 
seen such Cosmozoa, and it is ditlicult to inntgine nnv uhii.-)i 
wontil lie callable of surviving such a journey. It is j>erhi»ps k--^ 
dilViciiU to lielii've that under certain conditions, of wliicli wv ai 
present knf>w nothing and wliich i)erhap8 no longer exist on tin 
earth's surface, livhig protriiilasni may have arisen from in- 
(irgiinic matter as the result iif chemical and physical |>nK'es.■H■^. 
In ibis foinicction we nnist rememl>er that protoplasm ~ the 
jdiysiciil basis of lite- contiiins no chemical elements that an- 
not also foinid in inorganic matter and is, as a matter of bn-i, 
conslantly being built up from inorganic constituents in llit- 
bndies lit living orgiinisms, thougli apiwirently only hy tho acti<in 
of |ire-existing probifilasm. 

AVhcllier iiliysical and chemical forces, such as we an- 
acquainted with, alone sulVired to bring alK>ut tlie tranaforniatifui 
of TLoL-living, inorganic mateiial into living protoplasni, or 
wbelbi^r, as some people supposi!. some unknown "vital force" 
was {and still is) involved in the process, nnisl renun"n, for thf 
pivsent at any lale. an ojh'ii ipU'.stiim. 

The tim<'. has evidently not yet arrived for solving the great 
l»robl<ni of thiM.rigin of lite, but we may. at any rate, legitinmtely 
speculate uj llu- nature of the living organisms which first 
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apjitiitrcd on t)i6 eitrth. In the first place we may safely ( 
tliiit tliey were extremely simple in structure, tor it is generally 
agreed tliiit the evolution of the higher forms of life has been 
acuoin]iiLnied by a grjidually increasing complexity of organization. 
It is also certnia that they cannot hnve been itninials, for animals, 
as wo have seen in a previous chapter, are dependent for 
their food supply upon other living things, lieing themselves 
unable to build up thu proteid molecule from inorganic constitu- 
ents. Green plants are the great proteid maTiufiuiturers at the 
present day, but only by virtue of the fact that they contain 
chlorophyll, which enables them to utilize the energy of the sun's 



fa 










Flo. H;J. Difforeiit FomiK of Diiicni'e'pnHlui'inK Itai^tPrin, x iilxiiit 150<l. 
(Fn)Ui Stranbutjtcr, after Fiw;hi.'r.) 

.1, iiiiH t<Kd ; h, tn'sil'l'" <-««-> ■ ''.eoiH.rrli.>'iic.<c<'i: if.lNKilli of «|>]t>iun (t'vpr; i-.bu.'nii 
uf U-Uiiiii. : /, lucilli ul .liplitlicrin ; g, tuWrclu Ixuilti ; li, tvplioiil l»u'illi ; i', colcm 
Wi'illi; it, I'tinlf n iHu-illi. 

rays in the process of photosynthesis. Now chlorophyll itself is a 
vfry complex sulistiuice, and we cannot 8HpiM>He that the first living 
tliiiigfi airtwuly [lossessed it. If, then, they hud no other or|;anisnis 
to feiHl ujKin, and if they [Mjssessed no chlorophyll, bow did they 
obtain the enurgj' necessary to ena))le them to maintain life 
atalll> 

The simplest am) at the same time the smallest organisms known 
to us at the present day are the Bacteria (Fig. 83), many of which 
are so miiuite as to ite hardly visible tiven under the highest 
■ powers of the inierescope. These liacteria are neither plants 
nor animals, but occupy a position lower than either. They have 
not even uttaine<l to the dignity of (lerfecl cells, for they e.xlrihit 
no proi>er diiTerentiation intocell iKKlyand inicieus. thechnnuatin 
Bubutaiice, which in a typical cell is aggregated in the nucleus. 
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Iwiti^ scattered in minute granules throughout the cvlo|ila.- 

{lUle l''ig. 27). They contain no chlorophyll and the col-'url. 

protopliisin is enclosed in a very thiu and delicate cell wall. 

form thoy vary greatly, being sniuetimes sj)herical, atinetim 

i-0(l-s)ia{)e(l and Honietimes corkscrew-shuiied, and frefiueiii 

they occnr united together in chains. Some of them sniiu a\- 

l»y iiiojuis of ciliit or flagella, others are mulionless, ami lli 

multiply l»y simple fission and also by the formation of sixrn 

which have extraordinary i>owerii of resistance and thus M-ne 

secnru the wide dis[)erBal of these organisms by air and water. 

.'V great numlwr of dilTerent kinds of these Bacteria are nh&u 

known to us, and doubtless a vast number still remain to lie <i: 

covered. They occur practically everywhere ; earth, air and wai 

are full of them, and they exercise a iii'i 

~ profound influence — sometimes injurin 

and sometimes beneficial — u^Kin the liv 

of other living things. Some of them n 

the active agents in the putrefiictinii m 

fermentation which are rapidiv set up 

dead organisms, and others are resiMinsii 

for many of the most grievous ills wlii 

living flesh is heir to. Thus most of tlit^ 

either as saprophytes (ujtou d*; 

. «!■..;«. », X tiiH'. organic matter) or as parasites iu|" 

•M^^'^nlliimnhSe' ''^''"*^ organisms) and obtain their siii>)< 

ii<'>lo->.") "f energy from already formed pn.t^-i 

and other complex chemical comixmiiii? 

Siiiiif. Iiowcvcr, iin^ said to live free in the soil and to lie id 

to ilnrivr llicir food supply, and with it their energ_v, from purt 

inor^faTiicsiilistanccH. Thcso arecalled nitrifying iJaeteria, Or 

form, NitrosomoHiis (Fig. K4), converts wilts of ammonia in 

uitrilf's, and imothor, Nitrobacter, converts nitrites into nitnitt 

In this way they perform an important function in preparin"!! 

food material in the .soil for the use i>t green plants, hnt their clii' 

interi'st for us lies in the fact that tliey are able, in sonu^ inauii' 

wliiih wc do not understand, to bnild up their i>wn pntti'id nn'l' 

cnli's directly from tnnrganic constituents without the aid of chl'ir 

phyll. They show us that hucIi a thing is at any rate iMissil>!< 

and that tjierefore tJie first living things may have l>een uMc I 

nuiintain tlifir existence without either i>()HHesKing cliloroiiliv 

or having other organisms to feed upon. 
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It seems likely that of all the organisms known to lis these 
Bacteria come nearest to the first living things, and yet they 
proljably stand very far from tliem and represent a much later 
stage in the process of evolution. Minute and apparently 
simple as the Bacteria are, it seems more than probable that the 
first living things were very much smaller and simpler, su that 
even if we had them under the highest piwers of our micm- 
scopes we should be unable to recognize them. Weismann has 
suggested that they may have lieen single bioi)hors, t.c. vital 
units of the first order, such as he believes to constitute the 
ultimate living ]iarticles of protoplasm, and he has actually 
proposed the name " Biophoridie " for these hypothetical free- 
living primordial organisms. 

These considerations throw a new light U])on the question 
of spontaneous generation, for it living matter is first formed 
in such ultra-microscopic particles and can only be recog- 
nized as living matter after it has reached a comparatively 
high stage of evolution, it is obvious that we are not entitled to 
say that it is never formed from not-living matter at the present 
day. We caimot see it being formed, and we probably never 
shall see it being formed, but it is possible that it is still 
being "spontaneously generated" all the same. We are not 
logiciilly obliged, as we said l>efore, to content ourselves with a 
single starting ixiint for organic evolution, and it would lie quite 
impossible to prove that all the different kinds of Bacteria, the 
simplest organisms known to us, have descended from a single 
ancestor. They may equally well have l)een derived from a 
numl>er of ancestral protoplasmic units which originated inde- 
pendently fnim inorganic, n(»t-living nuitter. If euch an event 
can have taken place once it may have taken place many times, 
and may still l>e taking place around us, though the imperfect 
means of observation at our disijosal will not allow us to demon- 
strate the fact. We may safely allirm, however, that no living 
orgitnism which we are at present capable of recognizing as sueli 
has arisen, or ever will arise, by HiH>ntaneiius generation, but that 
all organisms known to us have Iteen derivi><l from j)re-e\isting 
organisms by s<mie process of reproduction ; that, in the course 
of long ages, they have undergone slow chiinges, whereby they 
have txtcome more and more diversified and usually more com- 
plex in structure, and that in thts way the evolution of the 
animal and vegetable kingdoms has l>een brought alx)ut. 
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In concluding this chapter it may be well to remind the mAi 
thiit the i<lea of organic evolution is no novelty, hut itad I- 
traced buck to the philosophy of ancient Greece. It will l>t ui r- 
convenient. however, to postpone what we have to say aKiul lU 
history of the evolution theory to a later chapter and in iL. 
meuntiine to familiarize ourselves with the theory itself itnd ibt 
evidence upon which it is based. 
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CHAPTER XVI 

The <Kiiiti(mity ot lite — The conception at species — The principles of 
taxonomy— Tbo taxonomic evidence of organic evolution. 

In accordance with the theory of evolution we may picture 
to ourselves the entire animal and vegetable population of the 
earth, both past nnd present, as forming one vast, tree-like 
orgnnisin, all parts of which, if we knew enough about their 
history, could be traced into actual, although of course not simul- 
taneous, protoplasmic connection with all other parte. This 
tree commenced its growth far back in geological time, and its 
branches became ever more and more ramified in succeeding 
ages, and more and more diversified in character as they 
diverged from one another. Only the youngest twigs ot the 
tree, however, are still actually alive, being represented by the 
animal and vegetable population of the earth for the time being. 
All the older parts have died away, most of them without leaving 
any traces of their former existence, and thus has arisen the 
actual discontinuity which is found to occur between the sur- 
viving groups ot organisms at any given i>eriod. 

The tendency to structural variation which all organisms 
exhibit, whatever may I>e its cause, is resp msible for the 
progressive diversity which is gradually set up between the 
difTeront branches ot the organic tree. The combined action ot 
the forces of heredity and variation bring about " descent with 
mo<lirication." How it is that such moililication always leads, 
in the long run, to a more or lees perfect and often very 
Biieciiilized adaptation of both [)lant8 and animals to the con- 
ditions under which they live will bo discussed subsequently. 
At the mf>ment we have to deal with things as wo actually find 
them. 

In any Hcheme ot zoological or botanical classification the 
lowest unit must, of course, be the individual. The untrained 
observer, acciuainted' only with the more familiar plants and 
animals, sees no difliculty in arranging these in apparently 



Digitized byGoOgle 



T-.:^ -::Ei«-^t?«ffmy iirmfi, te cDuneeoas ImJL~. btrt 

;•- criEiireti 3ii:s5 ■isatitaiy CO amor tjf che <iocc 
^r-:^r.'•,rL,- -vks 5;rw<i hj a» pr.'&iami km^wlt^lge 

•ir.-rA,- rr irs :f piafta': uid w6«n we ei>aie to 

'• - j^. -Jur ii±cn:~ .rf iiaiEOTMliuig species sha 
1-. - _r? i7-^;-.«:iT bMMow* io greu tfaac sIk deti 
- ii-'..'; :l.Lr ce 5: li::Ie m-^re tfaao a nutter 
■.:.!.-:- T"^^ :ii-:r^ w« sCiniT the ^niTwr^l ^qJ ve 
. :_-. ;- -i.-:^.. :.^ th--^ ti-r-^j is tii^ EMt tinpre«eei: 
.:' -v-e - :1: z^^r^i: rttt-yn^ 05 lU post Uhl pT«seot i 
iL: :. : ::Li :: inip^wii-I^. eu^pc in »n arbitrsn 
■..-:ir_-i :-.rr::i :a specie* *t «1I. foe eadi kind wo 
•. •- ■:■ T.T.-^:r^\ 3;;h '-i-Tn- by « series at small gra« 
A- ■.■::s:: >:■ l»,ir»ic. she tiiffereows which sept 
ij^.->~ :• -L;. y:^- ar. tt.er baTe, »t any rate in ntoet 
i.-. :r.- .Ti'i'ial ;ifci::.uUti'>!i <■! snull sncressive vi 
lt*i- 1^- ti:e '.-4.-6 :be fiK-t liwt we are able logicaUjr t 
Eui-]. .-[•>-'-ie> ir-at or.tr aiv>iber at all can odIv be da 
ii]>]H-ar.ince of th-; -M-ier [tortious of the organic t 
iliwoniiriiiiiv ha.- ari:*n l*lwt*n the snrriviug hr 
ariv '-AM it i^ 'jnit^ t-eriain that soch destnictic 
.-oiiiiwrtiiig link-' has played a very large part in the : 
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to represeiit the limitB of an existing species. Within each one 
the individuals difTei* but slightly from one another, not more, 
perhiips, t)inn might be expected amongBt the offspring of the 
■lanie parents. Tiie three species represented have, however, 
become more or leas widely separated from one another by the 
dying iiway of the branches from which Ihey arose, and which 
are represented in the diagram by dotted lines. 

Darwin has told us that he looked "at the term species as 
one arliitrarily given, for the salte of convenience, to a set of 
individuals closely resembling each other, and that it does not 
essentially differ from the 
term variety, which is 
given to less distinct and 
more fluctuating forms. 
The term variety, again, 
in comparison with mere 
individual differences, is 
also applied arbitrarily, tor 
convenience' sake." ' 

This, of course, is no defi- 
nition of the term species 
and was not intended as 
snvh. A definition in ac- 
cordance with the alN)ve 
views might, however, be 
given as follows : — " A 

8l>ecie6 is a group of Fio. H5. ■ Din^rom to illiiHtmte the Scparn- 
individnals that closely 
resemble one another 
owing to their descent from common ancestors, which has 
lieconie more or less sharply so])arated from all other co-existing 
sjH!cies by the disapi>earance o( intermediate forms." Such a 
definition wcuild 1)6 in accord with the practice of many systematic 
naturallHts, who are in the habit of uniting si>ecies previously 
wmsiditred as distinct whenever intermetiiate forms are fonnd, 
tbo formur s]>eeios Iteing rednce<l to the rank of varieties of one 
and tlie same s]>eGies. 

It is obvious that the element of time must lie taken into 
consideration in forming such a conception of species. At any 
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Kivon time tbe specifs living on the eanh w.-iiM f.-nt n.itiir !! 
liiiiilr^l sroaits, which we should l* ahle to tietine iii'-rc ■:.— 
k1iiii-[)I.v if we hail sufficient knowledge -4 the thrTi t-sx::. 
fiiimii and Hura to enahle us to traL-t their l»>ur,'lirirs 1: 
liiiwuvur, we were to include extintt fonus in .hit Mirvrv,!::- 
nhviiiuH that the numlter of existing :3j>e<:ieii which w^- ^L :.!i 
ri'uoRnizo would lie inversely proportinnal to the t-xuriii '-f i.: 
jiala-iintologicnl information, for the gaps heiweeu the siiiTi-, ■- 
would (''■'"lii'i'ly '* fill"! "P ^7 the discovery of initrmisiiti- 
fiiHsil fiiriiio. 

NaturaHHtH liave long recognized the fact that then- U !ir :1>.' 
way ill which more or less sharply defined ;»7V)upri of imiiviii- !■ 
may ariK(>, and that is liy the occasional and sudden ap)>«ar>!:v> ' 
" KiHu-ts," or " nnitations " as they are now generallv callni.' nl.; - 
•• Imt'd trui!." hatidiiifi on their sjieeial i>eculiaritie5 from tr.!!'-i- 
lion til <{i'iu!ralioii. Darwin was of opinion that sucJi si»in.-'l::-: 
oiil\ in di'j^ri'i! from the ordinarj- TOriations to iheacemunbitiM' 
uliii'h hi> iittrihuli^l thuchief importance in theevnIuti'>ni>fM<^v- 
Ai Mil' (iri'st'iil day, US we have already had oi^asinn I-i |H>iijt -u;. 
!..>iu>' iil>Mcrvi'rs, and OHpncially Pnrfessor Hiijpt do Vrifs.-ii'ii-i'i- 
Uuui 111 ln' totally dilTerent in kind from tlui-tuatin;; «r ?ii. 
•.ii,vis:.i\f variations, and repanl them as affording the .>idr uh;:- 
\'\ nlii.'h ni'« s]u^l■i»■H (irif^inate. 

\.<<<i.liii,!; l<> thi' nniUititm theory any si>ecies niav. fmin ri.- 
1 • ■.•,ii\.\ iliri>\\ olTsiich HjMirls, either singly or in gn>tll>s.al^l!-• 
l!. ii.'ii! ilii- liihl dislitiKiiiMliahle hy well define*!, tlmnoh il !:.: 
!•. ii!iiiiii.\ ihiM-ai-li'i-s from the iiaront form. The.se miiuii:- 
1 , ■. •; ii.l.'d I'\ di' Vrirs lis constituting " t'leineiitarv hiini'- 
«'v..'! i;,' aliradx riiUy .•h.iriiHnriK.id ami will not (.-han^'.' a^;.:: 
:. ■. l>\ .;uni;; riM- l.> fr.-sh niiitatiuns. I.)e VnVri nuiinti:!- 
1' .; .mm .■! tin- hjii'iii's iif llowering plants as di'tiiict "- 
1 .;■■■ 1 .1- II,' i.'.ill_\ ■' a;;!;r.'|^ali'sjHH'ieH," each niadv u]> of a lari' 
■M <'.'..■: mniiliT i>l siii'li cli'iiH'iitiiry HlH'cies. The (.■.min:-! 
«..,i !.n,>«ii !■- /'■.(/■.I .■■.■(■Hri. (iir exiunple, n^fjpvrdwl hy Liniia> 
> ,.n ;,! jiiiii; a -in:;!!' s|n'i'ifs. (u-cui's under aUnit ^(X) ui'iri-' 
;.' .i, iin.i i.nm-. Ml of llieso sii-caUtH] elumenlary si>ei.-ii-> ir- 
;, ..\..] :.■ .,.111,' INK- from st'itl and In liave iirisen a.s muM,-, 
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According to this view » newly arisen species, at its first origin, 
ia already sharply distinguished from the pnrent species and the 
extinction of intermedinte forms is not required to separate the two. 

The elementary species, however, though apparently constant 
in their characters, are often so similar to one another, and 
they are moreover so numerous, that for practical purposes of 
classilictition it would be undesirahle to regard them as distinct 
species in the ordinary sense of the word. It is far more con- 
venient to maintain the older view that they are merely varieties 
or sul)si)ecies, and their occurrence in no way invalidates our 
conception of the slow, tree-like evolution of the organic world. 
If de Vries be right as regards the importance he attributes to 
them as the tiole means by which species have originated, which 
is extremely doubtful, it merely means that evolution has taken 
place in a rather more jerky fashion than we previously supposed. 
It will be necessary to return to this question when we come to 
discuss the factors of organic evolution.' 

It is not sufficient for the purposes of classification to arrange the 
individual plants or animals with which we are acquainted in their 
respective species. These species in turn must l>e arranged in 
groups of higher order, which are termed genera. Each genus 
Btands to the species included within it in much the same relation 
that the species themselves stand in with regard to individuals, 
and related genera, though often sharply definable, are only so by 
virtue uf the disappearance of connecting links. The characters 
by which genera can l>e distinguished from one another are of 
a more deep-seated and fundamental nature than those which 
distinguish si>ecies. Individual opinion, however, differs greatly 
as to the exact limits which should l)e assigned to each, and it is a 
c<mnnon thing for an old established genus to lie sulxlivided into 
several as the result of the discovery of new species and the more 
exhaustive study of old ones.' It is all a matter of convenience, 
and one may justifiably make a separate genus for any group 
of closely related species which can \>e distinguished by some 
common character from all other co-e-visting groups of species. 
Many naturalists, however, consider that the mutual relation- 
ships of species are more accurately expressed by making use of 
Buligenera as intermediate gnmps between genera and species. 

> lirf^ciiiii.lcr XXVII. 

• A HlHkiD); iUuHtiniiuu of thin is .iflurikii by tlii^ n'coiit liiHCorj of the olil KCT'Cre 
I'eri|iatii>aud Ainiililuxua, iiocli uf wliicli is now iubilividwl into ncvcral. 
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(inimals and plants, as we have already seen, ce 
The arrangement of individual organisms ii 
grouping of these to forni genera, families, ord 
and kingdoms, constitutes the work of the s 
usually spoken of as classification, while t 
principles in accordance with which cla8si£ 
carried out forms a special branch of biological 
known as taxonomy. 

The first and greatest of the modern systema 
Linne, now usually known as Linnseus, a Swedi 
was born in 1707 and died in 1778. In hit 
" Syatema Naturffi," which is now recognized as 
of modern systematic zoology and botany, he 
species of plants and animals then known, anc 
arrange them in a "natural system" in accoi 
mutual resemblances and differences. As 
accomplishment of this formidable task he invei 
Bystem of nomenclature, in accordance with wh 
I)lant or animal is referred to by the name of the 
by that of the s[>ecies to which it belongs. The 
constant repetition of longer or shorter descript 
of identification every time there is occasio 
particular si>ecies is thus avoided, wliile at the sf 
of tlie generic name makes it (Kissible to era 
specific name in a numlwr of different genera 
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of Iftter investigators. Very many of the more familiar plants 
and animals are, however, still known by the names whiph 
Linnieus gave to them. 

It still frequently happens that newly discovered species have 
to be named and new genera defined, and various attempts have 
been made to formulate a code of rules for the guidance of those 
engaged in this work. This is necessary in order to secure, so 
far as possible, uniformity uf method, and to avoid confusion 
Buch as would arise by giving the same name to different genera 
or different species within a genus, or different names to the same 
genus or species. The chief points so far agreed upon are that 
generic and specific names (as well as those of krger groups) 
should be given in either Latin or Greek and that strict attention 
ehould be paid to the law of priority, the name first given 
taking precetlence over any which may 1« proposed subsequently, 
as is often the case owing to ignorance of the work of previous 
writers. 

The greatest latitude has, however, l)een allowed in the past 
with regard to the coining of generic and specific names. Even 
the reeourcos of the Latin and Greek languages have proved hardly 
sufficient to meet all requirements, and many generic names have 
been given which, though euphonious enough, have no meaning 
whatever. It is said that one eminent naturalist (Dr. Gray) 
used to make up aneh names by drawing letters out of a hat, and 
it is certain that Dr. Leach derived the generic names of a whole 
series of parasitic Crustacea (Cirolana, Conilera, Nerocila, &c.) from 
anagrams on his wife's name, Caniline. The most satisfactory 
names, on the other hand, are those which convey some definite 
information as to the characters of the genus or species concerned 
or as to Che place where it is found. 

If we have to classify a number of inorganic bodies we may 
Bet alK)ut our work in a variety of ways. We may arrange them 
according to colour, or size, or weight, or shape, or texture, or 
chemical composition, or according to the places they come from, 
the precise method n<)opted depending upon what it is that we 
wish to express by means of our classification. 

It is exactly the same with plants and animals, the way in 
which we classify them will depend upon our jxiint of view. A 
fishennan classifies fishes largely according to their fcHtd-value, and 
various other animals according to whether or not they are good for 
bait, and such classification serves its puri>os6 quite satisfactorily. 

Q 2 
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The aim which the zoologist or botanist sets before himself 

clasBification is the expression of the " natural affinities" oh 

plants or animals investigated. The existence of such natsi 

affinities was clearly recognized long before the explanation 

them was known, and even by upholders of the doctrine of sp«i 

creation. Thus it « 

^ B^mfar. well known to Lini* 

that in din duals b 

naturally into specit 

that species inav ' 

grouped in geoer 

genera in families, ai 

so on in ever widenii 

circles. It also sw 

'Order Carnitora came to be recognil. 

that natural affiniti 

could be bestdetermini 

by taking into acooi 

as many characters ; 

possible instead of rel 

ing merely on one ' 

two. A system otclte- 

fication based on asmi 

number of charoctc 

only is always mv 

or less artificial, >i 

though it may serve i 

purpose for n time 

will have to be amend 

by future workers »! 

are able to bring a mi' 

complete knowledge 

bear ujwn the proble 

Thus it comes abi> 

that our views on i 

claHHificaliiin of llie animal and vegetable kingdoms nre alwa 

undergoing change, old systems are cimstantly l)eing discard' 

as too artificial tind more natural tmos pni^msed in their ste^id. 

As (iiir knowh'dge imigrosscs it ln'comes more and more evide 

that a natural diiHsilication assumes a tree-like form. T 

division of tin; whole organic world (with the exception of t 
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lower ProtiBta) into plants and animals is repreaented by the first 
branching of the tree, the division of each of these great king- 
doms into phyla by the next branching, and the subdivision of 
phyla into classes, orders, families, genera, species and individuals 
by the further ramifications, as shown in the accompanying 
diagram (Fig. 86), which represents a mere fragment of the whole 
tree selected to show the ayateinatie position of a single species of 
animal, the common brown bear, Uraiia aictoa. 

This great truth affords one of the most striking pieces of 
evidence in favour of the theory of organic evolution, for the 
tree-like form assumed by a natural classification bears an 
unmistakable resemblance to the tree-like development of 
the whole organic world which evolutionists lielieve to have 
taken place. The two results represent, indeed, but slightly 
different aspects of the same truth ; the resemblance between 
them is no mere coincidence, but the tact that we are able 
to cliiHBify organisms in a tree-like manner indicates very clearly 
that these organisms have been produced by tree-like evolution. 

The systematist is now able to replace the vague groping after 
" natural affinities " by a much clearer conception of the aims of 
taxonomy. What he has to strive after is the elucidation of the 
actual pedigrees of existing organisms, the unravelling of what is 
termed their phylogeny or ancestral history. This means neither 
more nor less than the ultimate reconstruction of the whole vast 
tree of life. Piece by piece this is gradually being done, and it is 
the great German biologist, Ernst Haeckel, who has led the way 
in this i>articular department of biological inves Ligation. Some 
of the main branches of the tree have already lieen reconstructed 
in a satisfactory manner, but it is a work of immense difficulty 
and practically unlimited extent, and at every step opinions 
differ as to the value of conflicting evidence and the interi)reta- 
tion of obscure facts. The greater part of the tree is dead and 
gone I)eyond recall, and such fragmentary information concerning 
extinct forms as may be supplied by the discovery of fossils can 
only tie supplemented by indirect evidence derived from the study 
of existing oi^nisms. 

We must now inquire a little more fully into the relation 
l)etween the tree-like form assumed by a natural system of 
classification, or the taxonomic tree, as we may term it, and the 
phylogenetic tree, which represents the actual |>edigrees of 
organisms. In the former (Fig. 86) tlie main trunk of the tree. 
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I the fore limbs are modifieil to form winge for flying in the air ; j 
iBiid the siiuie is true of the fore limbs of bata and of the extinct I 




' flying reptiles known els Fterosauria (pterodactyls). The Cetscea 1 
[ (wliales and porpoises), the Sireiiia (dugongs and manatees) and I 
I the seals, amongst mammals ; and the turtles and extinct ] 




Fio. 'J2.— The BcUidiin or Sijiny Anteator [Erhi^na a."/fii/<i). {From Briddi | 
Huscnim Uuida.] 

I lehthyoaauria ami PlesioBaiiria amongst reptiles, on the other J 
hand, have limbs which take thu form of paddles and are J 
specially adapted for swimming in water. 

\\i\ find, then, three chief ty]ies of liicoinotor organs amongst | 
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anceHtnil Protistn are still represented by descendants which 
proWhly differ hut little from their remote progenitors Hnd which 
have not yet reached tlie level of either plants or animals, and 
there are still living unicellular forms in abundance which, though 
they may perhaps be distinguished as plants or animals, have 
never l)een able to learn the secret of forming multicellular 
bodies. So it is with most of the great ancestral groups ; they 
are represented still by descendants which have undergone com- 
paratively little change in structure since remote geological 
periods. The algee are still algie, the ccelenterates are still 
ca'lenterates and the hshes are still fishes, though each of these 
great groups has in past time given rise to descendants which 
have gradually become modified into higher types. 

Many subordinate groups, such as the trilohites and ammonites 
and the winged reptiles of the secondarj' period, have of course 
become extinct during past geological ages, but the fact remains 
that even at the present day there still exist on the earth organic 
types which represent, in a more or less unmodified form, all the 
principal stages of organic evolution, and thus it is that, even if 
we had only living plants and animals to consider, our classificn- 
tion of the organic world would still assume a tree-like form, 
with the simplest organisms at the Imttom and the most complex 
at the top of the tree. It would l>e difficult indeed to explain 
this fact in accordance with the theory of special creation and 
iniiuutiibility of species. 

The mono[H)dial branching of tlie organic tree and the relation 
which the natural classification of existing animals Itears to the 
I>hyUigenetic or ancestral series is <iiagranimjiti(!Hlly represented 
in Fig. 87. On the right hand side are shown some of the 
princi]ial stages in the evolution of vertebrates from ancestral 
X'rotista, and at the top of the tree are shown the existing groups 
by which these stages are actually rei)reHented at tlie present 
<lay. Only a few stages are represented and the great majority 
of the lateral branches of the tree are suitposed to have been 
lop|>e(I off. 
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CHAPTER XVII 

Gonnectiiig links — Homology and analogy — Convergrait evolution — 
Change of func^tian— Vestigial etnictureB— ReverHion. 

- In presenting the evidence of org&nic evolution it is convenient 
to separate that derived from the study of comparative anatomy 
from that afforded by taxonomy, but the separation is not 
a logical one, for classification is necessarily based upon com- 
parative anatomy, and much of the evidence might be equally veil 
dealt with under either heading. 

The mere fact that we are able to arrange existing organisms 
in progressive series, of which the extremes are connected by 
intermediate forms, in itself suggests that one form has been 
derived from another. This gradation is equally obvious whether 
we study entire organisms or confine our attention to their com- 
ponent parts or organs. It is illustrated very clearly by the 
accompanying diagram of the modifications exhibited by the 
siliceous spicules of certain sponges (Fig. 88). These micro- 
scopic organs of the sponge, each of which arises within a single 
cell, exhibit an astonishing diversity and Iwauty of form. The 
extreme types are as different from one another as we can well 
imagine, but in the particular group of sponges from which our 
illustration is taken (the Tetraxonida) all may be derived from the 
same four-rayed architype (naml)er 1 in the centre of the 
figure) and numerous intermediate forms mark out the lines 
along which evolution has taken place. An analogous diagram, 
with a triaxonid architype, could easily l)e constructed for those 
remarkable deep-sea sjionges known as the Triaxonid a or 
Hexactinellida, and another for the oilcareous s{x>nge6. 

Amongst the higher animalis also innumerable illustrations of 
the same general principle of gradation in structure, even in co- 
existing types, are met with, and are to l>e explained in the 
way indicated in the last chapter, as expressions of phylogenetic 
relationship. Take, for example, those now widely contrasted 
groupsof vertebrate animals the Keptiliaand the Mammalia. The 
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reptiles ae a group Are distinguished from the mnmmnlB in 
many ways. Amongst other things they usually liave a scaly 
epidermic covering, but they never have hair ; they lay large, 




Fi'i. H8. — HericB ot tptmion Sponge Bpiculee, phowinjt how all mnv be 
derived from the sa:u6 tundanicntiil tj-pe, highly mnKnifiud. (trom 
Dendy, Article " E^ponges " in Eiicyclopiiidin Uritaunica, Hd. XI.) 

heavily -yolked eggs and do not suckle their young ; they 
have a cloaca into which the urinary and genital ducte, 
as well as the alimentary canal, discharge; they have a very 
complex shoulder girdle (Fig. 80), consisting of a consider- 
able numl>er of more or less separate Ixnies or cartilages. 
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inclutling suprascapula, scspnla, ooracoid, epicoracoid. clavicle 
and interclavicle. 

The mamniatii, on the other hand, are characterized by the 
ptmH&mion of an epidermic covering of hairs ; thev generally 
have very minute eggs almost destitute of yolk, and they always 
Htickle their young ; they usually have no cloaca bat separate 
openings for the alimentaiy canal and urino-geuital ducts, and 
the lihoulder girdle (Fig. 90) is vety greatly reduced, being often 
repreMinted by only a single bone, the scapula, with a small 
remoant or vestige of 
the coracoid completely 
fused with it, though a 
slender clavicle is some- 
times present as well. 

There exists in Aus- 
tralia and some of the 
adjacent islands, how- 
ever, a small but %'ery 
interesting group of 
animals known as the 
Monotremata, repre- 
sented by the duck-billed 
Platypus {Ornithorhyn- 
chus. Fig. 91) and the 
spiny anteater (Echidna, 
Fig.*y2). The tact that 
these animals possess 
hair and suckle their 
young juHtilies us in 
classifying thcni amongst the Mammalia, hut at the same time 
thiiy exhibit cc;rtiiin cliaracters in resimct of wliich they differ 
from 111! typical mainniiils iind agret! witli ttie ruptiles. Thus they 
lay larger, hwivily-yolked eggs, tlie alimentary canal and urino- 
goiiitiil (ItictK discharge into a eomnum cloaca, and the shoulder 
girdl*! (Fig. lt!t) is made up nf a considerable nunilier of separate 
lioncH iilinust exactly as in reptiles, most remarkable amongst 
which is the interclavicle, which is found in no other mammals. 

Ilert! then we Imve animals still existing which undoubtedly 
occupy an intermediate positi<m between the reptiles and the 
typieal nuimmiLlH, and the three groups exhibit a progressive series 
of Htructuriil pec 111 iari ties, tiuch dehnite conneclhig links as the 




Fio. Hti. ShouWor flirdle and Sternum of a 

IiiKiinl { T'lriinii*) stieii from Iwlow. 
al. Cliivicai': <?..r. (;<,™rni<l; lip. C. EiHoinenuX; 
al. (ll..u.>icl ..avily; Int. I iifri'luvidf ; fi. RibK; 
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Moiiotremdtn, however, are more usually met with amonget the 
extinct animals of past geological periods. They indicate the 
paths along which the more highly organized groups have pro- 
gressed during their evolution from more lowly organized 
ancestral groups, which latter may or may not still be represented 
by surviving forms at the present day. 

It would be difficult to explain the occurrence of such graduated 
series of organs and organisms by the theory of special creation, 
and it would he no less difficult to explain in this way those 
remarkable facts of comparative anatomy which are grouped 




Fio. 90.— Shoulder Girdle and part of Stemmn ot a Babbit, 



together under the terms homology and analogy (or homoplasy) 
to which we shall next refer. 

We have already had occasion to point out that all living 
organisms are more or less perfectly adapted to the conditions under 
which they exist, and are accordingly provided with organs suitable 
for their various re(iuireinents. Thus all typical vertebrates have 
organs of locomotion formed from two pairs of limbs, but these 
differ very greatly in form and structure in accordance with their 
adaptation to very diverse conditions of life. In terrestrial 
vertebrates — amphibians, reptiles and mamumls — both pairs of 
limbs usually take the form of ambulatory legs, adapted for 
niovhig the l)ody on dry land. In l)irds the hind liuiba are 
generally used for the same purpose and similarly constructed, but 
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the air-breathing vertebrates : ambulatory legs, wings and 
paddles, employed in totally different methods of locomotion and 
differing widely from one another in general form and appear- 
ance. Yet when we come to examine these organs closely we very 
Boou discover the remarkable fact that all are constructed on 
essentially the same plan ; all belong to what is known as the 
pentadactyl or five-fingered type of appendage. 

We ourselves retain this type of limb-structure in a compara- 
tively primitive condition (Pig. 94), although our tore Umbs have 
taken on new functions as organs of prehension. The fore limb 




consists of arm, forearm, wrist and hand (manus) with five 
fingers ; the hind limb of thigh, leg, ankle and foot (pes) with five 
toes. Each segment of the limb is supported by an internal 
skeleton of bone which is clothed with muscle and skin. The bones 
are articulated with one another at the joints and moved like so 
many levers by the contraction of the tnuscles attached to them. 
The Ixine of the nrm is t)ie lunnerus and the corresponding lione of 
the thigh is the femur. In the forearm we find the radius and 
ulna and these are reprosonted in the leg by the tibia and fibula. 
The wrist is made up of a numlNir of small curi)al hones and the 
ankle of a numlter of more or less similar tarsals. These small 
bones are arranged mainly in two rows, and the distal or far row 
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affords support to the five metacarpal bones in the palm of the 
hand or the five corresponding metatarsal bones in the foot. Each 
metacarpal or metatarsal bone in turn forms the support of a 
series of phalanges which constitute the skeleton of the fingers or 
toes. The thumb and great toe have each two phalanges and 
each of the other digits has three. 

When the human arm is stretched out at right angles to the 
long axis of the body, with tlie thumb towards the head, it is in 
the primitive position of the pentadactyl limb. The thumb and 
the radius then lie on what is called the preaxial or unterior border. 




Flo. M.— Skeleton of the fore Limb (A) and bind Limb (11) of Uan, ahowing 
the poatadoctyl Structure. (From photographs.) 



ph. pliaUn 






diKilB 



the little finger and the ulna on the postaxial or i>0Bterior Imrder 
of the limb. For convenience of comparison with otlior tyj>es 
the digits are nunil>ere<I from in front luickwards, the thumb 
being No, I and the little finger No, V. Similarly in the hind 
limb, which in man has Iwcome permanently twisted out of its 
primitive position, it is easy to Khow that the great toe is really 
the preaxial digit (No. I) and the little toe the postaxial (No, V). 
In Fig. 94 Ixitli limbs are represented in the primitive position. 

Starting from the primitive pi'nt;niactyl type let iih next intjuire 
more cloKely how different groups of air-breutliing vttitebrutes have 
solved the problemts of locomotion cti land, in air and in water. 

In considering the niodificationu of the limbs adapted tor 
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locomotion on dry land we may conveniently confine our attention 
to the hoofed mammals or Ungulata. In the elephant the limbs 
remain, as in man, in a primitive condition, with five well 
deveIoi)ed digits in each. The entire limb is stout and massive 
and the foot' remains very short and affords a broad support for 




t'm. !id. SkolotoiiB of Mi 
Niitiirul lli»t»ry Muse 

K, Klliow Ikiiip OilecTftticoi |ir 



l«.i™l.); T. 1 



re Wl. 



il IlorHe, phobiKriqihed from a ^oiip ii 

(Fnun Iiiiuk<iiti!r'e " MxtiiU't Animals.") 
>f uln«); H, Hii^l lic.iii- ill uikli' (tlio h<wk <■( tlio 
■ ■ ■ ■ r, Hip b.iii.1 ; Sli, Shnulilfr bone 
W, WriHl ur ■■nn.u* (111.' w-csllod 






the heavy iKwly. This type of limb is somewhat chimsy and not 
adapted for very rapid locomotion. 

In the more typical ungulates we always find a roduction in the 

numlKir of dibits, accom{>anying an uplifting of the hhiiler part 

of the foot from tho ground, until finally tho anitnal comes to 

' Tliv liTiii foul in lilt auK u( iiiitwlrii|"«i9 iB commonly asnl ti. [nulii.iu btrfli 
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valk and rest on the extreme tips of one or two toes only. Tlie 
nsBUmption of this " unguligrade " condition is accompanied by 
elongation of the hmb and especially of the remaining 
metapodial bones (metacarpals and metatarsals), bo that the wrist 
and ankle in the horse, for example, are uplifted high ainve the 
ground and form the so-called knee and hock respectively (Fig. 95). 




Fig. 96. -Skeleton ot (A) the right fore Foot and (li) the right hind Foot 
of a Tapir, x J. (i'rom photogniphM.) 






:. metacarjiftls ; m.t. metatusiLlH : ph. pliaUngcii ; t, tnwalu; II — V, digits. 



It is also accompiiuied hy a reduction of the ulna in the fore limb 
and of the tibulii in the hind limb to mere veKtiges. Thus the 
entire liuib becomes long and lilender and adapted for rapid 
locomotion by running on hard open ground. 

The disa]ip<'iininci: of dii^its from the niunnii and pes in the 
Mamniaha follows a very simple law. The fir»t to disapjiear is 
always the preaxiiil digit (No, I), which is the shortest of the 
series (having only two phalanges wliile the remainder have 



^l,t,zedbyG00g[e 



LIMBS OF VERTEBRATES 241 

three each) and consequently the first to leave the ground as 
ttie hinder part of the foot is uplifted. The next to go is the 
l)0Btaxial digit (No. V) from the opposite side, the next No. II 
and the next No. IV. 

In some ungulates the long axis of the foot passes through 
the middle digit (No. Ill) and in others between the third and 
fourth digits. The true ungulates are 
accordingly divided into two series, odd- 
toed or perisBodactyl and even-toed or 
artiodactyl. 

To the former belong the tapir 
(FiH- 96), with four digits in the fore toot 
and three in the hind; the rhinoceros, 
with four or three digits in the fore foot 
and three in the bind, and the horse 
(Fig. 97), with only the middle (third) 
digit remaining in both manus and pes, 
but with vestiges of Nos. II and IV in 
the tunctionless " splint-bones " which 
lie alongside the greatly elongated metu- 
podial (= metatarsal or metacarpal) of 
No. III. 

In the artiodactyl series (Fig, 98) we 
fnid the hippopotamus, with four well- 
developed toes on each foot ; the pig, 
with four toes on each foot but the two 
outer ones greatly reduced ; the deer, 
with the two outer digits still further 
reduced ; the sheep and oxen, with the 
second and fifth digits reduced to small 
nodules of l)one, and the camels and 
llamas, in which all traces of digits other 
than the third and fourth have coni|)letely disapi>eared. The 
gradual reduction of the number f)f digits in the artiodactyl series is 
accompanied by fusion of the two remaining metaixtdials to form 
H single " cannon Iwne " (well shown in Fig. 98, deer and canisl), 
whereby the now greatly elongated and uplifted foot acquires 
much greikter strength and rigidity. 

It is very easy to see that all the difTerent varieties of 
[wrisModactyl and artiodactyl limits are modilications of one 
and the same primitive ]>entadautyl type. We must next 




97,— Foro nnd hind 
Feet (if u Horse, show- 
i n g rodu(;tioii to ii ain){le 
tuiictioinil Di{;it (No. 
Ill) with VentigOH of 
two others (II mid IV) 
ill the font! of Knliiit 
lM)no«, X 1. (Irom 
Lull, after Marsh.) 
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iDDnsider the way iij which this t}'j>o has Iteeu adapted U> 
lorgfins ol flight in diEFerent vertehrate groups. 

The wing of the extiuci pterodaclylg (Fig- 9!>) wns f(>nBc4 




[ by an expansion of the skin nf the Ixxly stretuhed Iw^tween t 

fore and hind linilw, and the phalaugea of the little linger v 
I enoruonsly elongated su as to aid iu tbe support of its anterioi 
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-f^u. The aiirfaee of the Hyins membmiie was pmlifilily 
with scnles. Iii the iMits (Fig. 99) four of the digits 




M&fi 



ft-c^- 



iif the lianil, N')8. II — V. imi elongated and take purt in iho 
Hiiji]K)rt of thfl tlyiiig nieiiihriino, the surfaco of wliich ia bilher 
nukud ur cuvonsl with lino liiiir. In the Inrdtt (Fig. OU) the 

It 2 
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flying membrnne is formed chiefly of feathers, and the di&Ul 
part of the wing is supported mainly by the Becoud digit; 
the firBt and third digits are greatly reduced, and the 
other digits are absent. In all these different types of wing 
the skeleton is again clearly of the pentadactyl type, modified 
by enlargement, diminution or total BuppresBion o! certain of iU 
constituent bones. 

In the paddles of the modified aquatic mammals, such as the 
sirenians, seals (Fig. 100) and whales (Fig. 101), the whole limb 




Fio. 100.— Skeleton of ripht fore Foot (A) anil right hind Foot (B) of a 

Soiil {Otaria /•ooltri), X i- (From photogmiihw.) 

c. can'alii ; m.c, metiiciiriulii ; lu.L nictaUnitls ; pli. pliuluiigcH ; I — V, diKits. 

is very much shortened and flattened and the digits are enclosed in 
a common integument so as to offer a, greater resistance to the 
water, but the skeleton still reveals the essential iwntadactyl 
features, and the same is true of those aquaiie reptiles, the 
turtles, plesiosaurians (Fig. 141) and ichthyosaurians (Fig. 142). 
In the whales, however, a curious increase in the oumlwr of 
phalanges (hyperphalHiig,v) may often be observed, and in the 
ichthyoaaurians supplemontiiry small l»ones are developed in 
such positions that the entire skeleton of the paddle assumes 
the form of a mosaic pavement. 
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We enn only explain the occurrence of the same type ot 
skeleton — and that a very complex type — in all these differeDt 
kinds of organs of locomotion on the assumption that it has been 
inherited from common ancestors. We cannot believe that one 
and the same type of skeleton was necessarily tlie most suitable 
for all these different eases, including ambulatory legs, wiogs and 
paddles, and was therefore specially and independently created for 
each. We must conclude rather that each organism receives a 
certain kind of material by inheritance from its ancestors and 
has to adapt it to its own requirements as best it may ; has. in 
short, to cut its coat according to its cloth, and, whatever the 




I'^Ii!, 111'J. A Awiminiiig friib {I'orlitnid tUpnraUir), ghoning jointed ambu- 

Litory iippoiiiliigra uiid oIdo switiimiiig aiipeudagoa (s.1.). (From k 
phutiigruiih.) 

HhaiH! of tho coat may ultimately develop into, the cloth will 
nitaiii, more or less eWdently, traces of the original pattern. 

This cdiiclusioii is greatly strengthened when we turn to other 
groups of iinimiils and see how they have solved the same problems 
with the aid of different materials. The vertebrates are not the 
only animals which have organs of locomotion in the form of 
jointed appendiigps. Many momliers ot the great group 
Artln'(ipr«la — insects, crustaceans and spiders — have ambulatory 
liuilis which externally \tear considerable resemblance to those 
of vertebrates. If we examine the.se limlis, however, wo find that 
they are eiinstructetl u[ion a wholly different plan. In the first 
pliice the skeleton is external instead of internal, and is composed 
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of the hard cuticle secreted by the epidermie, there being no true 
bone. The muscles therefore lie inside the skeleton instead of 
outside. The number and arrangement of the limb-segments, 
again, is totally different, and there is, of course, no pentadaetyl 
structure (compare Fig. 102). 

Thus, with different material at their disposal, the arthropods 
have solved the problem of constructing an ambulatory appendage 
in a very efficient manner, but quite differently from the 
vertebriites. Many of them have also solved the problem of 
locom(jtinn in water by modification of certain of the limbs to 
form paddles, as in the case of the swimming crab (Fig. 102). 
Many insects, on the other hand, have acquired the power of 
flight hy means of wings, which, though bearing some external 
resemblance to those of vertebrates, are totally different in 
structure and origin not only from the latter but also from the 
other appendages of the arthropods themselves. 

We are now in a position to define the meaning of the terms 
homology and analogy as used hy biologists. Homologous 
organs iire such as have the same essential structure, 
which they owe to inheritance from common ancestors, 
though they may be very differently modified in adaptation to 
different functions. The pentadactyl limbs of air-breathing 
vertebrates, however much they may differ amongst themselves, 
are all homologous organs in so far as their essential pentadactyl 
structure is cimcerned. 

Analogous or homoplastic organs, on the other hand, bear only 
a superficial resemblance to one another, which they owe not to 
connnon ancestry hut to adaptation of fundamentally different 
structures along similar lines for similar functions. The 
ambulatory appendages of arthropcxls and vertebrates are 
analogous hut not homologous organs, so also are the wings of 
birds and insects. 

The evolutionary process by which analogous but not 
homologous structures have come to resemble one another is 
sometimes spi>ken of as c<mvergence, and the result may be looked 
upon as an illustraticui of the genera) principle that similar causes 
tend to pHMluco similar effects. The nwessity tor the adaptation 
of different organs and organisms to tlie same environment and 
th(t same mode of life results in a superficial resemblance between 
the organs and organisms thus adapted. 

One of the most familiar emmples of convergent evolution 
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is afTorde<l by the wliales, dolphins and porpoises (Figs. 101 
and 161) with their extraordinnry externftl ressiublance to 
fishes. The fore liinbii, as we have alretwly seen, are modified 
to form paddles, but they retain the i>eiitadactyl structure and 
are thus totally different from the fins of fishes, which liave 
never reached the pentadactyl stage. The hind limle have 
completely diBapi)eared, but vestiges of the limb bones and titeir 
supporting girdle, which in some cases are found buried deeply 
beneath the skin in the pelvic region (Fig, 101,/, j>), still bear 
witness to their former presence. The powerful tail fin has 
obviously no real relationship to the tail lin of a fish, for it 
lieii horizontally instead r>f 
vertically. There are, of 
course, no gills, as iu fishet;, 
hiit the animal comes to 
the surface to breathe air 
by means of lungs. 

Not only is the whale 
not a fish, but it belongs 
to the group of vertebrates 
most remote from fishes. 
It is a warm-blooded 
mammal, suckling its 
young and exhibiting other 
Pia. l(B.--Tho neveii corviail Vertobrm characteristically Miamrua- 
of a Whak, fused together iii_ -me ij^,) fejitures. It has seven 
cervical vertebrfe,a nunil>er 
which is euriouaiy constant 
throughout the mammalian series, but owing to the extreme 
shortnesa of the neck thsHe vertebra' are all crushed together to 
form practically a single Ikhic (Fig, 10:i). In the giraffe we also 
find seven cervical vertebras but tbey are all greatly elongated 
in accordance with the enormous length of the neck (Fig. 104). 
On the hypothesis of stiecinl creation we should certainly have 
expected the wliale to have fewer vertebrie in its neck than the 
giraffe, and wo can only suppose that the numl>er seven has 
been inherittul tnnn some common mammalian ancestor. The 
resomblaiici! of the whale to the fiwli. in short, ik simply due to the 
fact that Ixith have acquired the (external form Ih'kI adiiplcil for an 
active aquatic life. 

The winga of iiterodaclyls, liats and birds are equally good 




" Vertebral o 



;,Google 



CONVERGENT EVOLUTION 



oxnnipleit of convergent evolution within much narrower limits. 
Tliey cni] only he regnrded ob homologous to the extent of all heing 




Fii;. ICM. Ski'ltiton of the UimfTe, iihiiwiri^ tho kpvoii H>|i;inito iind j^ently 
fliinpiUM iwvinil Verfcl.ni'. (Fn>m 1lrohin"N "ThHTlolMn.") 

])eiitiiilactjl. Tlicy do not owe their Hpccial chanietorH as wingH 
to dfK<;ent from a connnon anccHtral winged form, hut have l>een 
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evolved independently from more primitive pentadactyl types of 
limb. 

We find analogous cases in other vertebrate groups. Several 
ot the lizards, audi ns the so-called slow worm or blind worm 
(Fig. 105) and tlie " glass snakes " (Ophisaurus), have, by loss 
of their limbs, come so closely to resemble snakes as to be 



Fio. 103.— The Sloi 




photograpb.) 



indistinguishable by most people. The Coeciliidte (Fig. 106) 
amongst amphibians, the Amphiiibii'iiidie amongst lizards and 
the Tyi>hlopidi« amungst uiiakes have all adapted themselves to a 
burrowing underground life, like the earthworms. Their liuibs 
have comijletely disappeared, the body has become cylindrical and 
worm-like and tliey have lost the use of their eyes, but though they 



Fm. \m. -A n 



ii-likc. limblcFs .\mphibiiui, Vr„..li/ph!i,i ii/riraniu. (Fro 
ItritiehMnr^uiiuitiuiil.'.) 



have all conifs to rt-semble onu anolhor fluKcIy as the result of 
convergent evolution they are not in reality at all nearly related. 
The loss of linihH, the assumption of the worm-like form, Ac., 
have tiikon place tjuite indoiK'ndeiitly in each group. 

The inauMnaliiin fauna of .\iistralia consists niaiidy ot niemlwrs 
of the singlt! onler Marsupialia or poncbcil mammals, but 
different rcprcMentalives of this order have come, by convergence, 
to resemble ilosely members of widely different orders of 
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i ffjund ill other parts of the world. The so-cnlled 
ttinrsupinl wolf of Tnsmaniu (Thylacinus) closely resembles a 
typiciil i-nrniviire in its haliits and general etnicture. Its teeth 
are adapted for a predaceous life, and the entire ekull (Fig. 107, B), 
with its dtintitinn. heiu-a nn extraordinary general resemblance to 
that of a dog (Fig. 107. A). Iteing distinguishAble only by details 
of Btructnre which would Imnlly he noticed except by an 







-A. Skull uf ttog, Bide view ; B. SkuU of Thylac 
{From i>hotoer«[ihe.) 



latotuist. These details, however, are ijnite sufficient to hIiow 
that tliere is in nuility no cloHe relationship Iwtween the two. 
Thus the dog(Fig. lOfi, A, Aj) has in each npi>er jaw three 
incisorteeth(i.' — i."), one canine (c), four proniolarslp.tn.'— p.m.*) 
and two molars (m,'— ni.'); and the dentition of the lower jaw in 
the same nxcept for the presence of a third molar (in.a). which is, 
however, in a vestigial condition. The thylacine, on the other 



land (Fig. 108, B, Bi), has four incisors (i.' 
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three (i.i — i.a) in the lower jaw ; and one canine (c), three 
premoIarB (p.m.i — a) and four molars (m.i — i) in each jaw. The 
thjiacine Bkull is further distinguiehed from that of the dog by 
the presence of large vacuities in the hinder part of the bony 
palate and by the strongly marked inflection of the angles of the 
mandibles. These two characters, both of which are shown in 
the illustrations, as well as the arrangement of the cheek teeth 
and other minor features which it is unnecessary to specify, are 
fundamental peculiarities of the great group Marsuiiialia and at 
once indicate the true affinities of Thylaeinus. 

The case of the Australian marsupial mole, Notoryctes, is 
equally striking. The powerfully built digging liml>s, the soft, 
close fur, the absence of external ears and the loss of sight, A3 
well as the general shape of the body, all in adaptation to its 
burrowing habits, cause it to assume a wonderfully mole-like 
aspect, while in reality it comes nowhere near the true moles as 
regards genetic relationship. 

Perhaps the most remarkable of all known cases of convergent 
evolution, however, is met with in the Ungulata. We have 
already seen that amongst the typical ungulate mammals of the 
present day we can distinguish two series, odd-toed or perisso- 
dactyl, and even-toed or artiodactyl. In the odd-toed series the 
reduction of the digits culminates in the horse, with a single 
perfect digit in each foot and vestiges of two others in the form 
of splint-bones. This extreme modification of the unguligrade 
type is so peculiar that it is difficult to l>elieve that precisely the 
same line of evolution has been followed independently by two 
different groups of animals. Yet such appears to he actually 
the case. There is an extinct group of ungulates known as the 
Litopterna, whose remains have been described by Amegbino 
from Tertiary l>eds of Patagonia. The small size of the 
brain-cavity, the characters of the dentition, cervical vertebrte, 
carpus and tarsus, indicate that they were more primitive forms 
than the true Perissodactyla, and, as Dr. Smith Womlward 
iiI)serveH, they reached their maximum of specialization at an 
earlier period than the latter. We find amongst them forms 
(Theos(Hlon, Fig. 109, A, B) with three well -developed toes as in 
the rhinoceros, forms (Proterothorium, Fig, 109, C) with one well- 
developed toe and two small ones as in some of the extinct 
aiicestors of the horse, and forms (Thoatherium, Fig. lOi), I), E) 
with a single toe as in existing horses ; and in all cases the axis 
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Fig. 109.--FeBt of Un^'nUtes 
belonging to the exliiiL-t 
group liitupteniii, from 
I^iwer Tertiiirv cleiKwitM of 
I'litoKOiiia. (t'roiii Smith 
Wiioawnrd'e " Vt'itcbnite 
Paln'ontology." "fti-'r 
Ameghino.) 
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of the toot passes down the middle of the third digit. If we 
com]mre the foot of Thoatherium (Fig. 109, D, E) with that of a 
horse (Fig. 97) it is hard indeed to imagine that the animals 
possessing such closely similar and highly specinlizBd limbs are 
not near I; related to one another. Expert paleontologists, 
however, tell us that they are not, and we must believe that the 
resemblance is due entirely to adaptation to a similar mode of 
life in the two cases. We shall have something to say as to how 
this adaptation was brought about in the case of the horse when 
we come to discuss the ancestral history of that animal in 
Chapter XIX. 

It will be readily understood from the examples which we have 
been considering that the phenomena of convergence provide 
many pitfalls for the unwary biologist, and have led to many 
other mistakes in classification besides the popular error of 
placing the whales amongst the fishes. We have already noticed 
how the limbs of arthropods have como to bear a superficial 
reHemblance to those of vertebrates, thnugli so absolutely different 
in their essential structure that no anatomist would dream of 
regarding them as homologous organs. Many aquatic arthropods, 
belonging to the class Crustacea, like the lobsters, cray-fishes 
and crabs, breathe by means of gills which bear a superficial 
resemblance to those of fishes, hut are again by no means 
homologous structures, and there are other reseiublancea between 
arthro])0(is and vertebrates, due probably to convergence, which 
have led more than one observer to conclude that vertebrates are 
descended from arthropod ancestors, a conclusion which is by no 
means justified by the facts. 

We may now further consider the process known as " change 
of function," in which an organ primarily adapted and used tor 
one purpose takes on a new and altogether different duty and 
becomes modified accordingly. The lungs of air-breathing 
vertebrates, for example, are generally iwlieved to l>e homologous 
with the swim-bladder of fishes, for iKith arise in the same way as 
outgrowths of the fn)nt part of the alimentary canal, in the 
region of the throat. The swim-bladder of a fish is a hydrostatic 
organ ; it is filled with gas, the amount of which can be regulated 
by suitable means, and assists the animal in maintaining its 
pro[>er position in the water. In the dipnoan fishes, such as 
the Australian mud-fish (Neoceratodus, Fig. 110), the South 
American Lepidosireu and the African Protopterus, the walls of 
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the Bwim- bladder have become higlily vascular And it serves as 
an organ of respiration. Air ie taken into it through the mouth, 
so that the blood circulating in its wall is oxygenated, and the 
arrangement of the heart and blood-vessels has become modified 
accordingly. Functional gills, however, are still present. 

In the amphibians the swim-bladder has become completely 
converted into a pair of lungs, and in this way was rendered 
possible that great step in the evolution of the vertebrates, the 
migration from water to land. Thus in the air-breathing verte- 
brates the gills have been entirely supplanted and replaced 
functionally by the lungs, which are still to be regarded as 
homologous with, or morphologically equivalent to, the air- 
bladder of fishes. 

The hand of man alTords another l>eautiful example of change 




Fm. 110. The Awtraliaa Mud-FiBh, Xtweratodna Joraltri, greatly reduced. 
(From BritiBh Mugeum Guide.) 

of function — from locomotion to prehension — but it has under- 
gone surprisingly little structural modification in the process. 
The proboscis of the elephant ia also a very efficient organ of 
prehension, but it is formed by enormous elongation of the nose, 
which is primarily an organ for conveying air to and from the 
olfactory organs and lungs. Still more remarkable is the con- 
version of muscle fibres in the torpedo and the electric eel 
(Gymnotus) into powerful electric i)atterie3, capable of giving 
severe shocks and therefore valuable as weapons of offence and 
defence. In this case the change of function is accompanied by 
very profound niodilications in structure. 

Wherever we turn we find that novel requirements are tnet, not 
by the sudden creation of new organs, but by the gradual modifi- 
cation of old ones. As wo have already sai<l, the organism has 
to do its best with the material which it has inheriteil from its 
ancestors ; and yet the power of living itrotoplasm to meet every 
new retjuirement by a suitable modification of bodily structure 
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appears to be almost unlimited. We mast remember, however, 
that such modifications, in a state of nature at any rate, only 
take place very slowly and gradually. 

Traces or vestiges of organs which have ceased to be of any 
use to their possessors persist with astonishing pertinacity in 
many organisms. Evidently their complete removal must be 
an extremely slow process. We have already noticed the per. 
sistence of vestiges of the pelvic girdle and leg bones in the 
whale (Fig. 101), of the reduced metapodials or splint bones in 




Fio. 111.— A New Zoalnnd Kiwi, x f. (From a photograph ol a stuffed 



the feet of the horse (Fig. 97), and of the coracoid in the typical 
manmialiau shoulder girdle (Fig. 90). Unless we are to believe that 
such structures have been put where they are on purpose to 
mislead us we cannot possibly explain their occurrence on the 
theory of special creation. They arc, at any rate in many 
cases, perfectly useless to their possessors, and the only rational 
way of accounting tor their presence is by supposing them 
to be inherited from remote ancestors in which they were 
functional. 

We may now briefly notice a few other instances of such 
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remarkable New Zealiind reptile the tuatura {Spkeitoduit punctatas). 
This animal (Fig. 113) is usually regnrded as the oldest surviving 




Km. 113. -The Now Zealund Tuatara. x J. (Drawn by Miw V. E. Dondy 
(com a tnodol and iibutographx.) 

type of terrestrial vertebrate, the order to which it belongs (the 
Rh vnchocephaliii) dating back to the close of the Palaiozoic period 
[)f the earth's history (Permian epoch). 

In the luUiIt tuatara there is still a fairly well developed pineal 




ll4.-9oftion through tho Pineal Y.yo of the Tiiatura, X 6H (Fro 
Iihotogmj)!!.) 



eye (Fig. 11-1), with retina, lens and nerve, but it is only about 
-,'„th inch in diameter and lies deeply Ituried beneath tho 
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skin in the parietal foramen in the middle of the roof of the 
Bkull. It may to some extent BtiU be functional, though probably 
of far less importance than iu the extinct amphibia and reptiles 
of the Falffiozoic and Mesozoie periode, in which the presence of 
a comparatively large parietal foramen indicates that the eye was 
better developed. In the case of the tuatani it has been demon- 
strated by anatomical and emhryological investigation that the 
remaining pineal eye is the left-hand memher of the original 
pair. In the lampreys it appears to be the right-hand member. 

Turning now to the frog, we sometimes find in this animal a 
minute light-coloured spot on top of the head (Fig. 115), between 
the paired eyes. This marks the position of a little sac-shaped 
vesicle which lies 
beneath the skin and 
is known as Stieda's 
organ, consisting merely 
of a number of undiffer- 
entiated cells surround- 
ing a central cavity and 
attached to the end of a 
kind of stalk (Fig. 116). 
The vesicle represents 
the functionless vestige 
of a pineal eye and the 
stalk probably repre- 




FlO. 115.— Head of Frog (flaii« lemi-oran 
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Eyes. (V. 

In the birds and mammals all trace of eye-like structure has 
disappeared from this region, but a vestige of one or both of the 
pineal eyes is probably to be recognized in the so-called pineal 
gland lying on the roof of the brain, which attained such celebrity 
in the seventeenth century owing to its identification by the 
philosopher Descartes iia the seat of the soul. 

In studying the mammalian dentition we again meet with 
plenty of illustrations of vestigial structures. The whale-bone 
whales (Balienidiu) have no teeth in the adult at all, but in the 
fcetua vestiges of teeth civn l)e found imbedded in the gums. The 
young AuBtraHan duck-hilled Platypus (Ornithorhyncbus) has 
vestigial teeth which are entirely replaced by horny pads in the 
adult. The third molar in the lower jaw of the dog (Fig. 108, 
Ai, m.a) is, as we have already seen, evidently in a vestigial 
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condition and can be of very little if any use to its possessor, 
and there ie reason to fear that in man himself the teeth are 
disappearing a good deal more rapidly than we could wish, 
though in this case the disappearance Beams to be chiefly due 
to disease. 

A better example of a vestigial structure in man is the 
coccyx at the hinder end of the vertebral column (Fig, 95), which 
represents the last remnant of the ancestral tail, and is occasion- 
ally acconi[mnied by vestiges of the muscles by which an ordinary 
tail is moved. The hair on the chest, again, is a vestige of the 




Fig. 1 1().— Sooliim thmiigh tho vostigiftl Pineal Kye of the Frog (Tndpulo), 

X lCi8. (Fnun b photogniph.) 

(•[hI., ('iitilpmiiH ; i>.H,, |>iiiDu1 l^Jl> ; r.H., root ol nkull ; v.ti., vcoti^'ial HtHlk and nerve. 

hairy coat which once clothed the entire human Ixidy, as it still 
does that of the ai)es. 

Examples of vestigial organs might )>e multiplied to an 
indefniite extent, but enough has perhaps been said to show that 
such structures are of very cominon occurrence and to indicate 
their value as evidences of organic evolution. They occur, of 
uuirse, not only in the adult condition but also, as in the case of 
the umhryonic gill-slits of air-breathing vertebrates, at earlier 
stagejt of development, but such cases will ))e more conveniently 
dealt with in the next chapter. 

Closely akin to tho occurrence of vestigial structures is another 
pliciiomeuou known us atavism or reversion, by which we mean 
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the Buddeu and sporadic reappearance of some ancestral structure 
which had either heeii completely lost or very greatly reduced. 
The elder Pliny has placed it on record that Cffisar the Dictator 
had a horse whose fore feet were like those of a man. This 
statement evidently refers to a more or less complete return to 
the ancestral pentadactyl condition. Marsh has given a figure 
of the fore foot of a horse in which the second digit is fairly 
well developed, with three perfect phalanges, though not so large 
as the third, while the first is represented bya splint bone, and a 
very similar case is exhibited in the Natural History Museum at 
South Kensington. 

In man the occasional excessive development of the canine 
teeth is regarded as due to reversion to an ancestral condition 
similar to that of the anthropoid apes, in which the canine teeth 
are very large and used as weapons. The occasional occurrence 
in man of vestigial tail muscles, and even of a short tail, may 
also be regarded as due to reversion. Whether or not all such 
cases nre capable of being explained on Mendelian principles, aa 
suggested in Chapter XIV, it is impossible to say, but this does 
not affect their importimce as evidence of the truth of the theory 
of organic evolution. 

Although, in the present chapter, we have so fur drawn our 
illustrations entirely from the animal kingdom, it must not lie 
supposed that the same general principles cannot be equally well 
demonstrated in the case of plants. Indeed the whole chapter 
might l>e re-written entirely from the lx)t)uiieal [wiiit of view. 
Change of function is very well shown, for example, in the 
"pitchers" of Neiwnthes and Sarnicenia, formed from modified 
leaves and sening as traps for catching insects. Convergent evohi- 
tioH is illustrated by the strong superficial resemblance which exists 
amongst the various Alpine cusliion plants lieltrnging to widely 
different orders, all of which have assumed the form Iwst suited 
for withstanding the peculiar hardships of tlieir environment. 
The letvves of the parasitic dodder, reduced to tiny scales (Fig. 
1B4), and ihe staminodes or functionless stamens of many Bowers, 
again, might well serve as examples of vcsliginl structures. 
Consideratituis of space, however, forbid us to ])ursue this fertile 
liii>; of inipiiry any further. 
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CHAPTER XVIII 

ODtogeny— The recapitulation by potheeis— Interpretation of the onto- 
genetic record— Palingenetic and ceenogenetic characters. 

In dealing with the cell theory, in Chapter IV, we have 
already laid stress upon the fact that every multicellular animal 
or plant commenccB its individual hfe as a unicellular egg or 
ovum, and gradually passes by slow stages of cell-division and 
differentiation into the adult condition. There are, of course, 
apparent exceptions to this rule in the case of animals and 
plants which reproduce by budding or by some analogous process, 
where the bud arises from a group of cells belonging to the 
parent, but even in these cases reproduction by means of 
germ cells is resorted to at more or less frequent intervals and 
the budding must be regarded merely as an additional method of 
multiplication interjwlated in the life-cycle. 

The individual organism, then, does not come into existence 
fully formed in all its perfection, but passes through a longer or 
shorter process of development to the adult condition. In fact 
it undergoes a process of individual evolution which constitutes 
its individual life-liistory or ontogeny, and the length and 
complexity of this process are pr"i>ortioiial to the complexity of 
organization of the adult. Thus the complete life-eycle of many 
of the lower multicellular animals and plants is passed through 
in llie course of a few months, while a man requires twenty 
years or more to attain his full development. 

Although, for the stike of convenience, the ontogeny of any 
given organism may l>e divided up into a numl>er of stages, yet 
these stages auiiiot in retility 1h! sharply distinguished from 
one another. Even the divisi<m or segmentation of the ovum 
(P'igH. 13 and 119), whereby the organism passes from the uni- 
cellular to the multicellular condition, does not take place 
suddenly but by means of tlie slow and complicated process of 
mitosis or karyokinesis (Fig. 81) ; and in cases where there is an 
ap[)areiitly abrupt change, or metamoi'[>hosis, from one condition 
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to another, &s. for eutnple. at a later stage, from the chrysalis i 
the batterl^y, the developmeot really progreBses quite : 
and grftdoAlIjr internally, althongh the esternal appearance i 
for a loDg time remain unaltered and give the iiuiiressioa t 
it is completely at a standstill. 

The fact that the yoting organism cannot commence its I: 
the stage reached by its parents, but has to make a freeh sta 
from the begiuniag and go' through a whole series' of t 
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Fio. 117.— A. Chick Embrjo of nbout 5l dnvs, X fl. 1(. Rabbit Rml.rjo of 
nbout 13 ilnys, X h. In both ^•DS'ls the fatal mcmbranc>i ami folk-a 
have t>e«n ronmved. (From [iholugmphs.] 

I before reaching the adult condition, is very significant from the I 
point of view of the evolutionist. Still more significant is the 1 
tact that <lifferent organisms all commence at the sanin stage — I 
as unicellular eggs— and come to diverge further and further J 
from one another in structure as their development progresaea. 

If we examine a number of series of embryos l>elonging to 1 

different vertebrate types, no matter how widely the adult I 

animals may differ from one another, we shall find that aa wsl 

I trace their life-histories backwards they gradually converge nntO» I 

I while still at a relatively advanced stage of development, the f 

I different embryos come to resemble one another so closely that \ 
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in many cases it; is doabtfnl if even an experienced embryologiBt 
conid distingaiBh between them. This great generalization 
appears to have been first reached by the embryologiet von Baer, 
who in 1827 discovered the mammalian ovum. It may be 
illustrated by the chick and rabbit embryos represented in 
Fig. 117. 

Von Baer's generalization contained the germ of what is now 
known as the Recapitulation Hyi)othe6iB, or, as Haeckel has 
termed it, the Biogenetic Law, which states that every organism 
in its individual life-history recapitulates the various stages 
through which its ancestors have passed in the course of their 
evolution. In other words, ontogeny, or the life-history of the 
individual, is a repetition of phylogeny, or the ancestral history 
of the race to which the individual belongs. 

We have already referred, in Chapter IV (Fig. 13), to some of 
the earlier stages in the development of that primitive lish- 
like animal Amphioxus (Fig. 118). Let us next inquire how 
these stages may l>e interpreted in accordance with the recapitu- 
lation hypothesis. The unicellular ovum (Fig. 13, I) obviously 
represents the remote protozonn ancestors which were common 
to the whole animal kingdom, and which are also represented 
at the present day by independent unicellular organisms such 
as the Amceba. The segmentation of the ovum into primitive 
embryonic cells or blastomeres (Fig. 13, 11 — VI) represents the 
transition from the condition of the simple protozoon to that of 
the protozoon colony, in which the individual cells, instead of 
separating, as in the dividing Amceba, remain together, but still 
without undergoing any marked difTerentiation and division of 
lal>our. The arrangement of the blastomeres in the form of a 
hollow sphere, the blastula or blastosphere {Fig. 13, VII), with a 
single layer of cells surrounding a central cavity, represents the 
formation of such a protozoon colony as we see in the existing 
Volvox (Fig. 11) or Sphtcrozoutn (Fig. 12). The process of 
gastrulation, whereby the single-layered blastula is converted 
into a two-layere<l gastrula (Fig. 13, VIII — X), with primitive 
digestive cavity (entenm) and primitive mouth (blastopore), repre- 
sents the transition from the protozoon colony to the ccelenterate 
stage of evolution, the latter l>eing still represented at the present 
day by such forms as Hydra (Fig. 57), ObeHa(Fig. OO), the jelly- 
fisli, the corals and all their numerous relations, which retain in 
their organization all the essential features of the gastrula. 
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^^^1 though geuerally complicated by the development of tentiu-lcv, 

^^^H Bkeleton, &c. The development of coelomic pouches {Fig. 13, 

^^^B XI — XIII, c.p.) as outgrowths of the primitive dip^estive cavitj. 

^^^H and the conversion of these into mesoblastic Bomites (Fig. 13. 

^^^1 XV, m.8.), arranged serially or metamerically down each ttide of 

^^^1 the l)ody, mark the transition from the unsegiiiented and 

^^^H ccaleiiterate condition to the metamerically aegnienteil ' and 

^^^1 ccelomate condition. The cavities of the cc^lomic pouches ftimi 

^^^H the ctBlom or Ixidy cavity, which is at firet trand^'ersely siil>- 

^^^1 divided into coiu{>artmentH, as it Btill is in the adult enrthn'omi, 

^^^1 wMIe their walls form the third germ-layer or memjhhixt, lying 

^^^1 between the epiblaet which covers the surface of the body mid 




Flo. 118.-TheIj»ni:elet(/J«./'/ir. 
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the hyiJoblast which lines the digestive cavity. Along the mi^ 
dorsal line of the body a atrip of epibliist sinks down (Fig. 1" 
XI, n.pL) and Itecomea folde<i into the fonn of a tnlw (Fig. 1 
XII — XIV, ».(.), the rudiment of the central nervous syst* 
(liraiii and spinal cord), and l)eneath this tube a lung i 
hypoblast hectmies nipped off from the roof of the gut. fortuiDj 
the notochord (Fig. 18. XI— XIV. wo'.) or axial akidetal 
the foundation around which in higher types the vertebl 
column is liuilt up. A little later the front pftrt of tin j 
becomes pierced by gill- slits for purjHises of respiration i 
the primitive chordate condition is thus fully attaiuod. 

AmphioxUH (Fig. 118) does not progress much beyond I 
stage in its development. It never ac(|uires any li»il« but bw 
about by lateral luidulalionsof the Ixtdy caused bythecontw 

' UeUmi-rk- >*-gtiiciit»tion bw, of cuirec, Bulliing In '!<■ ' 
llm oTum, but is llic Icnn njiiiliwl to tlie InniavonwilivlMi 
milnmls fntoawrii'B lit jniritii or »f(;tnciils urtniiKwl lungii 
tjpicjilly re[M»itti llio e»-i-iitiHl f™iiiri'» n( nil llii- olliifiii. 
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of the lateral sheets of muscle derived from the mesoblast. No 
skull and no vertebral column are formed, the notochord 
remaining throughout life as almost the sole representative of the 
internal skeleton. The brain does not become distinctly 
differentiated from the spinal cord and no paired organs of sense 
are developed, nor does that division of the body into head and 
trunk, which is so characteristic of typical vertebrates, take 
place. AinphioxuB is a ehordate animal but it is not a true 
vertebrate. It probably, however, represents fairly closely a 
stage of evolution through which the ancestors of the vertebrates 
have passed, though it becomes somewhat modified by secondary 
features in the later stages of its development. 

It is easy enough to interpret the earlier development of Auiphi- 
oxus in terms of the recapitulation hypothesis and to recognize 
in the ontogeny certain stages of the phylogenetic history. The 
ontogenetic record, however, is by no means always so readily 
decipherable. It is generally more or less obscured by secondary 
features superposed upon it, much as an ancient picture may 
be concealed by another painted over it. These secondary 
features are characters which are developed in relation to the 
requirements of the embryo itself at its various stages, for it is 
not only the adult organism which becomes modified in structure 
in the course of evolution but all the stages of its life-history 
are likewise subject to adaptation. 

In the first place nourishment has to be provided for the 
developing eiubiyo, and tins necessity is present from the very 
tirtst division of the fertilized ovum. The blastomeres into 
which it divides cannot go about and seek their own food supplies 
like HO many AinccbKi, they have sacrificed the [>ower of leading 
indeiieiident lives for the sake of remaining together and building 
up a more or less complex multicellular IxHly ; but none the less 
they retpiire feeding. Hence we find that all eggs contain a 
liirgei" or smaller (juantity of nutrient material stored up in 
the cytoplasm. This usually takes the form of definite granules 
or particles of t(«Hl-yolk (deuto plasm), the amount of which 
varies immensely in different cases. If there is very little the 
egg is said to Iw niicrolecithul as in Ampliioxus ; if there is 
much it is said to l)e niegalecithttl, as in the frog and still more 
so in the bird, and the size of the egg, as we have already Imd 
I point out in Chapter X. deimnds almost entirely mwn 
it of food-yolk which it contains. 
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The poBsesBion of food-yolk is, of course, of immense import- 
ance to the embryo, for the stage which it is able to reach in its 
development before it has to begin to provide for itself will 
depend upon the amount of nutrient material which it has at its 
dispoBal, The presence of this food-yolk, however, must also 
act as a mechanical hindrance to the development, just as the 
supply of provisions which he carries with him must impede the 
progress of a traveller, though enabling him ultimately to 
accomplish a longer journey. 

In AmphioxuB the egg contains hardly any food-yolk and the 
process of segmentation and the formation of the blastula and 
gastrula take place in an almost perfectly typical manner. 
There is here practically no hindrance to development and no 
obliteration of the ontogenetic record. There is, however, just 
suflScient nutrient material to cause some of the cells — those 
which will invaginate to form the hypoblast of the gastrula — to 
be slightly larger than the remainder, which are destined to form 
the epiblast (Fig. 13, VII, VIII). 

Let us compare with this the corresponding stages in the 
development of the frog (Fig. 119). Here the egg is, as we have 
already indicated, much larger, owing to the greater quantity of 
food-yolk which it contains. This is chiefly collected in the 
lower half of the ovum, while the upper half is deeply pigmented 
and thus readily distinguished. Segmentation begins ns in 
Amphioxus by the formation of two vertical clefts, or cell-divisions, 
one after the other and at right angles to one another, whereby 
the four-celled stage is reached (Fig. 119, I — III). Each cleft 
l>egina at the pigmented pole and throughout the whole of the 
segmentation the yolk-laden half of the egg lags Iwhind the 
pigmented half ]>ecauHe of the mechanical hindrance which the 
food-yolk op]H)Bea to the ])roceaa of cell -division. The first 
horizontal cleft (Fig. 119, IV) divides each of the four blasto- 
meres into two daughter cells of very unequal size, an upper 
pigmented cell with little food-yolk and n much larger, lower, 
yoIk-Iaden cell with little pigment. After this, segmentation 
continues to progress more rapidly in the up|)er than in the 
lower half of the egg (Fig. 119, V), until we reach the blastula 
stage (Fig. 119, VI), where we find the large yolk-laden cells 
forming the lower hiilf of the wall of the hollow sphere and pro- 
jecting into and partly obliterating its cavity, while the small 
pigmentod cells form the upper half. 
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The process of g&strulation is profoundly modified by the 
presence of the food-yolk, and instead of a simple invagination 
of the lower half of t)ie blastula wall to form the hypoblast, we 
find the smnll (epiblast) cells, now arranged in several layers, 
spreading themselves over the yolk-containing cells until they 
completely enclose the latter except for a small circular area 

^. W. ^L 




Fid. 119.— Early Stngex in the l>ovelopmeiit at the Vrog (partly from 
Ziegier'B mudels and partly adapted from Morahall.) 

i, the fertilized nvuni ; //— F, wjnnenUtioD nl the ovum ; T'/.bliwtuU; I'ir, modified 
bluntulo, with wall cniiiiKiHcd of mure than oiie Uvcr of cvlU; VIII. cumniencemeDt 
of RBHtrulatioii ; J.Y, thu niixliliMl Ruatrula ulttio { VI— IX in rcrliciil loctiun). 

hU., bl&Htooi'l iir iic){iiiciit>itiun cuvitj : bp., blaBloponi; enf., Miteroii; rp,. epiblaatl 
hjip., byiwblwil; a.l.liji,, appur li|io( bU>lo)>ore ; j/k.c, jolk-vuiitniniiig uillii. 

which correspondu to the l)lastoi>ore or aperture of invagination 
in AmphioxuB blocked up by yolk cells (Fig. 119, VIII, IX). 
Indeed, practically the whole of the primitive digestive cavity or 
enteron in the frog's gastrula may be regarded as being filled 
with yolk cells, from which hypoblast will be derived, and it 
only gradually o^wtis out later on in development as the yolk is 
used ui>. Uence the cwleiiterate stage of the ancestral history 
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(Pig. 119, IX) is very macli diBguised in the ontogeny, siniply 
owing to the presence of a large quantity of nutrient material 
in the egg. 

In the development of the bird's egg (and altto in that of reptiles, 
which is closely similar) it is still more difficult to recognize the 
proceKi of gastrulation. The quantity of yolk (Fig. 70) is so 
enormous that it entirely prevents cell-division from taking 
place in the greater part of the egg, and segmentation is con- 
sequently confined to a small yolk-free area at one pole of the 
spherical mass, where it gives rise to a layer of cells known as the 
blastoderm. This blastoderm gradually spreads over the yolk and 
from it the embryo is formed by a kind of pinching-off process, 
the yolk remaining enclosed in a bag — the yolk-sac — attached to 
the lower surface of the embryo, until it is all absorbed by means 
of a special set of blood-vessels developed in the yolk-sac, and 
used up in the nourishment of the growing embryo. The 
embryo itself meanwhile becomes provided with si)ecial organs 
for its protection and respiration, the so-called fa;tal membranes. 
Of these the amnion, formed by outgrowth of the embryonic 
body-wall, forms a sac filled with fluid, which surrounds the 
embryo at a distance and leaves it free room for growth, while 
the allantois, formed by outgrowth of the embryonic gut-wall, 
forms a highly vascular organ which comes into relation with 
the extremely porous shell and thus provides for the necessary 
gaseous interchange. 

The yolk-sac, the amnion and the allantois are all organs 
which have Iteen developed in accordance with the sj>ecinl 
requirements of the embryo, and which must therefore be left 
out of account in reconstructing the direct ontogenetic record. 

In the dogfish also (Fig. 1^0) we find an excellent illustration 
of the formation of a S[>ecia1 yolk-sac to contain the enormous 
supply of food material for the developing embryo, but in this 
case neither anmion nor allantois is developed. 

The Mammalia, on the other hand, have adopted an improved 
method of nourishing their young. The developing embryos are 
retained within the Iwiy of the parent and obtain their food 
supply from the blood of tlie latter ]>y miiaiis of n special organ 
known as the placenta, which is developed partly from the 
allantois of the embryo or " fd'tus," and by which the latter is 
attached to the wall of the uterus. This method seems to have 
proved iimcli more satisfactory than the provisioning <tf the egg 
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with food-yolk, and we accordingly find that the mammalian 
ovum (Fig. 71) has become reduced in size again until it ia 
no larger than that ot Amphioxua, i.e. about jJoth inch in 
diameter. The early stages of segmentation have also gone 
back to the primitive type, but, Htrange to say, a yolk-sac is still 
formed although there is no yolk for it to contain — affording an 
admirable example of a vestigial embryonic organ. Here one 
record haa been enperiHiaed upon another in the ontogeny and 
we have a reokpitulation of an embryonic stage of the reptilian 
ancestors of the mammals. After birlh, of course, the yimng 




Fi(i. 12(1.— EmbryoofaDogfiBh, with Yolk-Sac (T.S.}attached. X 2. (From 
a photograph.) 

mammal is nourished by the secretion of milk, and is thereby 
enabled to reach a very advanced stage of development Irefore it 
has to begin to find its own food. The chick, owing to the very 
large amount of food-yolk with which the egg is supplied, is also 
able to reach a highly developed condition l)efore it hatches and 
begins to took after itself. 

With animals whose eggs contain insuflicient food-jolk, and 
which are not provided with any other special means ot 
nourishing the developing young, the case ia very different. They 
are obliged to hatch and begin life on their own account while 
still a long way from the adult condition^ when only a small 
part of their ontogenetic journey has lieen accomplished. 
Amphioxus, for example, liatches as a free-swimming ciliated 
embryo shortly after the gastrula stage has Xteen passed through, 
and completes its development at the expense of food supplies 
which it obtains for itself. 
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the chfiracteriRtic piacine organs are fully functional, but even in 
the embryos of higher air-breathing vertebrates — reptiles, birds 
and mammals — while enclosed within the egg-shell or within the 
womb of the parent, we can still recognize clear traces of a 
similar fish-like stage in their evolution, for gill-slits are present 
in all (Fig. 122, g.s.) and the 
arrangement of the principal veins 
and arteries is unmistakably fish- 
like. 

Difiiculties in the interpretation of 
the ontogenetic record arise not only 
from the addition of new features 
in the form of embryonic or larval 
organs but also from theabbreviation 
of the different Btiiges through which 
the organism passes. The develop- 
ment of any of the higher organisms 
must l>e looked upon as a kind of 
compromise, due to the necesHity of 
attaining as perfect a condition as 
possible in as short a time as [)os- 
Bible, for the sooner the adult condi- 
tion is reached the sooner will the 
organism be able to reproduce its 
kind, and hence any abbreviation of 
the earlier stages of development will 
l>e advantageous to the s]iecies and 
will Iw favoured by natural selection. 
For this reason the fish-like stage 
in the development r>f reptiles, birds 
and mammals is passed through very 
rapidly and the fish-like structure is 
no longer fully developed. Although gill-slits are present the 
gills themselves are not, and other piscine characters are only 
represented by transient vestiges. 

Turning now to some of the lower groups of the animal king- 
dom, we may briefly notice a l>eautiful illustration of the law of 
recapitulation afforded by the life-history of the common feather- 
star, Antedon (Fig. 123). This animal, found abundantly in 
comparatively shallow water off the British coast, belongs to the 
great phylum Echinodermata, which also includes the star-fish, 




Tig. 12a. -Cbick Embrvo of 
nbout 3 Dayi, with th« 
Fu-tal Membranes and 
Yolk-Soc removed. (Pho- 
tographed from ODS of 
Ziegler'a raodeU.) 
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sea-ttrehins and Bea-cucumberB. The aubdivision to which it 
belongs — the Crinoidea — is characterietically a deep-water group. 
It is also a group of great antiquity, the remainB of crinoids — 
Bucb as the well-known " Encrinites " of the Carboniferous period 
— being abundant in certain Paleozoic formations. 

Both the PalsBozoic crinoids and the surviving deep-sea mem- 
bers of the group, such as Fentacrinus (Fig. 125), are stalked 
forms, the " calyx," with its radiating arms, being attached to 




Fio. 123.— The Feather Star (Anta/on bifida), nat size. 

Fto. 121. — PeDtBcrinoid Stage in the developmout of Antedon, > 



the end of a long, jointed, calcareous stem, the lower extremity of 
which is permanently fixed to the sea-bottom. Antedon, and the 
other shallow-water crinoids of the present day, on the other 
hand (Fig. 123), have no stalks but in place thereof a number of 
slender " cirri " whereby they temporarily attach themselves to 
seaweed or other objects. 

Now in the course of its development from the egg the feather- 
star passes first through a free-swimming larval stage and then 
through a fixed stalked stage (Fig. 124), known, from its resem- 
blance to the deep-sea genus Pentacrinus, as the i>entacrinoid 
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fitftge. Later on the young animal develops cirri and falls off 
the end of 
the stalk, 
asaumin;; 
once more 
an active 
uindeoflife. 
Here we 
recognize 
very clearly 
in the pen- 
tacrinoid 
stage of the 
ontogeny 
a repeti- 
tion of the 
stalked 
condition 

through which the aneeHtors of the feather-star 
must have paHtiud. 

We also find auiongat invertebrate animals 
abundant exiiuiples of Hpecial larval organs. 
The body of a caterpillar, for instaoce, is built 
up very largely of saab structures, and it hatu 
to undergo an iilmont couiplete reciinstruction 
within the i)cutective envelope of the chrysalis 
l>eforeitreaches the adult condition and emerges 
aw A perfect insect. It is therefore extremely 
difticult to interpret the caterpillar stage in 
terms of the ancestral history. 

The ophiuroids or brittle stars (Fig. 1*26), so 
commonly met with between tide-imirks, hnve 
remarkable, free-swimming " Pluteus " larvfe 
{Fig. 127), totally different in appearance from 
the adult. These larva; occur in immense 
numbers in the surface waters of the ocean. 
They are provided with long slender arms 
supported on ciilciirfoiiw rods, which prnbubly 
Hcrve, in part at any rate, to protect the very 
delicate l>ody from the attacks of other small animals. Before 
attaining the adult condition the larva undergoes a complex 
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metAmorphoBie, during which the long arms are completely lost 
and the form of the body entirely chuiiged. The echiiioids or 
sea-urchins pass through a very similar larval stage. 

The free-swimming " Zotea" larva of the crab (Fig. 128) is also 
provided with conspicuous defensive spines which are lost in the 




adult condition (Fig. 102) and which have doubtless been developed 
in relation to the special conditions of the larval life. 

In many cases the development of larval organs causes the 
young animal to differ so widely from the lulult that therelatiou- 
Bliip of the two for a long time remained uiiHUsjHicted, and hence 
she si)eeial names which many larva have received. In other 
cases, however, it is the adult animal which has Iteconie so pro- 
f'liuidly niudilied in relation to sjKiciul conditions of life us to 
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obscure its genetic affinities, which may still be clearly indicated 
by embryonic or larval stages. 

The common Ascidian, for example (Fig. 129), is a sac-shaped 
organism, permanently attached to rock or seaweed in the adult 
condition, which by the uninitiated would hardly be taken for an 
animal at all. Before their life-hiaUiry was known the Aseidians 
were placed by zoologiBts amongst the " MoUuscoida," a group of 
invertebrates supposed to resBiuble the mollusca or shell-fish. It 
was only the discovery that 
the typical Ascidinus pass 
through an active tadpole 
stage in their development 
(Fig. 130), with a muscular 
tail, a notochord and a central 
nervous system all formed as 
in vertebrates, that demon- 
strated their true position 
as degenerate members of 
the great phylum Chordata 
(= Vertebrata in the widest 
sense of the term), the tad- 
[K>le stage being, of course, 
a recapitulation of the ances- 
triil, fish-like, chordate con- 
dition. 

It will l)e reiulily under- 
stfM)d from the foregoing 
illustrations that in endea- 
vouring to reconstruct the 
unceHtval history of an organ- 
ism from the stages which it 
passes through in its iiidivi- 
dual development, we have to distinguish very carefully Mween 
two sets of chantcters. In the first place there aro characters which 
are <hie to inheritance from the adult cimdilion of very remote 
anciistors and which really indicate stages in what we may call 
the direct Ihie of evolution. These are tenued palingenetic or 
ancient characters. Such, f{>r example, are the essential features 
of the gastrula stage, which occurs so generally and which indi- 
cates a remote ctelenterate ancestor (the Gastrea of Professor 
Hueckel) for at any rate the great majority of multicellular animals. 




Fki. V2H. - Tho '/Am-a Liirva of a 
Crab (['ortiiims), X ;tO, (]''n)in a 
l>huto};ra]ih.] 
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Such also are the essential characters of the tadpole stage of the 
frog and of the ascidians, and the vestigial gill-slits of higher 
vertebrates, which indicate descent from some gill-breathing, fish- 
like form. 

In the second place there are characters which have been 
ocqaired secondarily by the embryo or larva in relation to its 




Flo. 12'J. A Kiiii|ile AiKiidisu (< 
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. 130. Tiid)H)lo I.arT>i of 
CumiMiiiiKl ABci<liiui {JUjiUwm 

1-ri/sMlii.mii). X 35. (From 
]iliot<.>;nil>li.) 



special embryonic or larval retiuiremenlH. These are termed 
ctcnogenetie or modern cbaractern, and it is these which tend 
more or leas to obscure the ontogenetic record. Such are the 
presence of fdod-yolk, the fatal membranes of air-breathing 
vertebrates an(i the various special lar\nl organs to which we 
have alwve referred. It is difficidl, however, to draw a hard and 
fast line l>etween pahngenetic and ca^nogenetic characters, and 
we must always remember that embryonic HtagCH, ua well nn the 
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adult, undergo modification during evolution, and that eome 
cffinogenetie characters are very much more ancient than others. 
The relation which esists between the phylogenetic and onto- 
genetic stages in the evolution of an organism are very diagram- 
matically expressed in Fig. 131, which is drawn with special 
reference to the familiar case of the frog. The vertical line is 
supposed to represent the ancestral history, some of the principal 
stages of which are indicated. 
The horizontal line at the top 
represents the individual life- 
history, with the stages indi- 
cated which represent those 
selected in the ancestral his- 
tory. The ovam represents ' 
the protozoon ancestor ; the 
blastula the hollow, aphorical 
protozoon colony ; the gastrula 
the ccelenterate ; the meta- 
merically segmented embryo 
the segmented worm, and the 
tadpole the fish-like stage. 
The oblique lines represent 
the lines of evolution of the 
different ontogenetic stages 
themselves, in the course of 
which Cffinogenetie characters, 
such as the acquisition of 
food-yolk by the ovum and of 
suckers and horny jaws by Fio, Ul,— DiafiTam illustratiiig the 
the tadpole, have arisen. The BalaUon^ between Ontogeny and 

shorter horizontal lines repre- 
sent the ontogeny at the different ancestral stages, and their 
increase in length from below upwards is obviously due to the 
successive addition of new stages to the ontogenetic record, while 
the shortness of the horizontal lines as compared with the corre- 
sponding portions of the vertical line may be taken to indicate, 
though very imperfectly, the abbreviation of the ontogeny. 

In the vegetable kingdom we find illustrations of the law of 
recapitulation and of the complication of the ontogenetic record 
by the development of cffinogenetie characters, quite as striking 
ns any which we find amongst animals. Take, for example, the 
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life-hiBtory of some of the Australian acacias, or wattles. These 
are leguminouB plants and many of them have the pinnately 
subdivided leaves so characteristic of the order. Others, however, 
have the pinnate leaves in the adult entirely replaced by narrow 
"phyllodea," which closely resemble simple undivided leaves 
like those of some of the eucalypts, but are really only flattened 
leaf-stalks or petioles. The development of such phyllodes is no 
doubt to be regarded as an adaptation to the heat and drought of 
the Australian climate, 
which delicately sub- 
divided leaves ot the 
ordinary leguminous 
type are ill-suited to 
withstand, and the re- 
semblance of the phyl- 
lodes to true foliage 
leaves of the undivided 
type — and especially to 
those of the eucalypts 
— affords a very good 
illustration of the 
phenomenon of conver- 
gence. If, now, we 
examine the seedlings 
of a phyllode-bearing 
acacia (Fig. 182) we 
shall find that imme- 
diately after the coty- 
ledons or seed - leaves 
they l)ear typical pin- 
nate leaves, and then 
leaves of intermediate form, tlius clearly recapitulating the 
ancestral condition from wliich the phyllode-I waring forms were 
derived, A very similar state of Uiings occurs in the common 
European gorse or furze, another leguminous plant, in which 
the leaves of the adult have l>econie modified to form spines, 
while those of the seedling still retain the ancestral ternate 
condition, somewhat resembling those of the clover. 

The cotyledons or true seed-leaves of flowering plants, on 
the other hand, afford excellent examples ot ca?nogenetie characters 
developed in relation to the special requiren^ents of the embryo. 




Fro. 132. — Seedling of a phyllodo-beRriiiK 
Acacia (Acacia pj/cnantlia). (Frinn Stras- 
burger.) (The cotfledoiia havo already 
been shed.) 
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They are very commonly modified to form reeeptacles for a 
store of food nmterial for the young plant in the form of 
starch, as in the peas and beans (compare Fig. 56), and may 
never even leave the seed-coat or emerge above the ground. 
In such cases they develop no chlorophyll and differ Absolutely 
from ordinary foliage leaves, without, of course, indicating any 
ancestral stage through which the latter have passed. Even 
when they emerge above the ground, as in the beech (Fig. 138), 
and Iiecome green, their form is usually widely different from 
that of the foliage leaves and 
appears to have been developed 
largely in adaptation to the neces- 
sity for close package within the 
narrow compass of the seed-coat, 
the shape of the cotyledons being 
governe<l, as Lord Avebury has 
pointed out, by that of the seed 
within which, in a dormant condi- 
tion, they pass most of their lives. 
In short, the embryological 
investigation of both animal and 
vegetable organisms leaves no 
doubt as to the general truth I''i". 133. - - Seedlinu of Koevh, 
ot tlw recapitntotio,, hypothesis, ffCiTlnbtek.)''"'"^"'' 

and must convince*any unbiassed 

observer that, however much modified it may Iw hy abbrevia- 
tion and by the Huper]>osition of secondary features, the life-history 
of the individual is essentially a condensed epitome of the 
ancestral history of the race. The law of recapitulation, indeed, 
may l>e regarded Hiui]ily as a logical extension of the law of 
heredity, for every organism tends to inherit the cliaracters not 
only of its iunnediate progenitors but of all its ancestors, and 
these characters appear in the individual life-history in the same 
order as that in which they first ap|wared in the ancestral 
history — in other words, ontogeny is a re)>etition ()f phylogeny 
and can only bo oxpbuned in terms of organic evolution. 
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CHAPTER XIX 

The stratified rocks— Oeolopcal periods— The age of the habitable eoitli-' 
The geological record— The Huocession of the great vertebnte gtx>uin. 

Thb materials of which the aolid crast of the earth is made Qp 
are, as it ia perhaps hardly necessary to point out, extremely 
varied, but whatever may be their physical or chemical characters 
they are all spoken of by geologists as rocks. In accordance 
with their mode of formation these rocks may be divided into two 
chief categories, first, those which, like granite and basalt, have 
been formed directly by cooling of molten matter, of which the 
earth was perhaps at one time entirely composed, and, second, 
those which, Uke sandstone, shale, limestone and coal, have been 
formed by accumulation of detritus derived from pre-existing 
rocks or from the remains of dead organisms. The first are 
commonly termed igneous and the second sedimentary, the 
latter deriving their name from the fact that they have been 
deposited under water. Owing to the manner in which they 
have been laid down, usually in the form of gravel, sand, mud or 
ooze, which have subsequently become hardened and consolidated 
by the pressure of more recent deposits, the sedimentary rocks 
form a series of layers or strata of varying thickness superposed 
one upon another. The stratification niuijt at first have been 
horizontal, but, owing to the irregular shrinkage of the earth's 
crust and to the action of volcanic upheavals, it has usually been 
more or less disturlied, bo that the planes of bedding have been 
tilted at various angles and frequently exhibit a high degree o( 
curvature or even contortion. Moreover, rocks which were 
originally laid down on the l>ed of the sea have in many cases 
come to form part of the dry land and even to be uplifted far above 
sea-level in the form of mountain ranges. 

The formation of sedimentary rocks must have been going on 
ever since the earth Iwcanie cool enough to admit of the con- 
densation of aqueous vajwur into water, and it is still going on 
in the same way at the jtresent day. Every river is continually 
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carrying down to the sea immenBe qu&ntities of sand and mud, 
which will ultimately be deposited in the form of new strata ; 
every cliff by the sea-shore is slowly or rapidly weathering away 
under the influence of atmospheric agencies — rain, frost, tides 
and wind ; and far out, beyond the reach of the detritus derived 
from the land, the sea-bottom is being covered by the slow 
accumulation of ooze or mud derived almost entirely from' the 
remains of marine organisma, while the activities of corals and 
other reef-building animals in their turn make no small contribu- 
tion to the grand total. 

Tlie sedimentary rocks naturally contain the remains of vast 
numbers of organisms which flourished on the earth at more or 
less remote periods of its history, and the study of these fossils 
may justly be expected to yield results of the greatest importance 
from the point of view of the theory of organic evolution. We 
have here, in fact, the only really direct evidence of the course 
which the evolution of the animal and vegetable kingdoms has 
actually taken, and this evidence constitutes what is commonly 
known as the geological record. 

The relative ages of the different sedimentary rocks and of 
the different geological formations which they build up are of 
course determined primarily by their position with regard to one 
another, each la36r or bed being necessarily of more recent dote 
than the one beiow it* The series of strata met with in any 
particular locality may, however, be very different from that 
which occurs in other locahties, for while mud may be accumu- 
lating in one place, sandstone may be forming in another and 
limestone in a third, and over other areas, which lie above 
sea-level, rock formation will be replaced by destruction or 
denudation. Nevertheless, geologists have found it possible to 
compare the series of stratified rocks found in different parts of 
the world one with another, and, by the aid of the fossils which 
they coutain, to identify a numl>er of more or less well defined 
ejKicbs in the geological history of the earth. 

At the bottom of the stratified series lies an immense thickness 
of rocks which seem to have been originally sedimentary, 
but many of which have undergone profound changes due to 
pressure and heat since they were laid down. These rocks 
indicate a very long period of the earth's history, the 

■ Kxcviit in n few cases where conturtiuD ha* buvii ao cxtonxiTe as to rvvvriu! ttic 
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Geological Time-Bcale, as imdicated by the Stratified Bockp. 
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pre-Camhrian epoch, during which organic evolution must have 
been taking place, though oniy somewhat doubtful indications 
of organic remains have been met with. Probably the pre- 
Cambrian rocks originally contained abundant fossils, which have 
been destroyed by the treatment to which they have been sub- 
jected. All the subsequent periods of the earth's history, 
however, are represented by rocks containing organic remains in 
greater or less abundance. These deposits indicate a division of 
the earth's history since pre-Cambrian times into three main 
eras — primary or palieozoic, secondary or meeozoic and tertiary 
or catiiozoic. Each of these three is Bul)divided into a series of 
epochs, as nhown in the accompanying table, in which are also 
mentioned some of the principal rock formations hy which the 
different epochs are represented in the British Islands. 

The thickness of the strata deposited during each i)eriod differs 
greatly in different [>art8 of the world, and in North America the 
various formaticina api>ear to l)e nuieh better developed than in 
North Western Europe. It is of the utmost imjrartance that our 
estimates of this thickness should l>e as accurate as possible, for 
they constitute important data from which to calculate the age 
of the habitable earth and the duration of the different geological 
periods. 

Sir Archibald Geikie,' in 1892, very cautiously estimated the 
total thickness of the stratified rocks, where most fully develoi>ed, 
from the lx)ttom of the Cambrian onwards, as not less than 
100,000 feet. He also estimated that it would take from 730 to 
f>,H0O years to add a foot to this thicknesu hy accumulation of 
material derived from the denudation of the land. Of course the 
actual time must vary very greatly according to the nature of the 
material deposite<l and the agencies at work. There is, however, 
no reason ti} suppose that denudation and sedimenttitiou took place, 
(in an average, more rapidly in past geological time than at the 
present day. If, then, we take the average lietween the most 
rapid and the slowest rate of denudation and sedimentation, and 
the thickness of tho stratified rocks as calculated by Professor 
Geikie, we arrive at !37<>,SOO,O0O years as the age of the habitable 
e«irth fj-vlimti: uf tin- prf-CamhriitH peiiixl. 

Sir vVrcliiltald Geikie apiMJiirs, however, to have assumed for 

the jmrjioses of his calculation that material derived from the 

weiiring away of the land has l>een U2)read out over an equal area 

' I'rcBlilentiat Adiirvaa, Britbih Asaociatiou, EJiubiugli, 1H92. 
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of seft-bottom, so that every foot in depth worn off the land is 
taken to indicate a foot in thickness piled up in new deposits. 
This hardly seems to be a justifiable assumption, for in many 
localities sediment derived from a large area must be accu- 
mulated over a small one, and the increase in thickness of the 
newly forming rock must therefore take place at a much greater 
rate than the decrease in thickness of that which is being worn 
away. 

Professor Sollas, in his presidential address to the Geological 
Society of London in 1909, gives the total maximum thickness of 
the sedimentary rocks from the bottom of the Cambrian to the top 
of the most recent formations as being no lees than 253,000 feet. 
I have accepted this estimate in drawing up the geological time- 
scale on page 264, in which the supposed thickness of the 
deposits belonging to each of the main subdivisions of the three 
great eras is indicated both numerically and by the relative depth 
of the space allotted to each. 

Professor Sollas, however, estimates a much more rapid rate of 
accumulation of these deposits — as high, indeed, as one foot per 
century — which, even with hia own increased estimate of thickness, 
would give only 25,800,000 years as the total lapse of time since 
the commencement of the Cambrian epoch. But he also points 
out that there is good reason for believing that the pre- 
Gambrian epoch must have been as long as all the succeeding 
epochs put together, and the total lapse of time since the formation 
of the stratified rocks {including the pre-Cambrian) commenced 
might accordingly be estimated at 50,600,000 years. 

We must also, of course, make abundant allowance for the fact 
that denudation has been going on at all times since the deposition 
of the stratified rocks commenced, aud that the total thickness of 
these rocks lias been enormously reduced thereby, the same 
material having been used over and over again in rock formation. 

Where opinions differ so much, and where there is so much 
uncertainty as to the value of the data themselves, it is obvious 
that any estimate of geological time derived from the thickness 
of the sedimentary rocks can have only a doubtful value, and that 
it is highly desirable that such an estimate should be checked 
by making use of other sources of information. 

Several other methods of estimating the age of the earth have 
lieen eni{)lnyed. Perliajis Iho moHt satisfactory is that which is 
espcciitlly associated with the name of Professor Joly, and which 
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depends upon the amount of sodium present in solution in sea- 
water. If we knew the total amount of sodium present in the 
ocean, and if we also knew the rate at which it has been accu- 
mulating since the ocean was first formed, it would be a simple 
matter to calculate the age of the ocean and therefore that of 
the stratified rocks, whose existence must have commenced with 
that of the ocean itself. The greater part at any rate of the 
salt contained in the sea must have been derived from the 
disintegration of the land and carried down by rivers. Estimates 
have been made, based upon careful analysis, of the amount of 
sodium contained in the sea and in the water of various rivers, 
&a well as of the amount of water which flows into the sea 
annually, and Professor Bollas has come to the conclusion that 
" on a review of all the facts, the most probable estimate of the 
age of the ocean would appear to lie between 80 and 150 millions 
of years," which is considerably in excess of the estimate which 
be arrives at from the consideration of the thickness of the 
sedimentary rocks. 

We cannot assume, however, that the earth has been habitable 
during the whole of this period, for when the ocean was first 
formed both it and the land must have been at far too high a 
temperature to admit of the existence of protoplasmic organisms. 
Possibly if we assume 100,000,000 years as the total age of the 
habitable earth, and therefore as the time which has been available 
for the evolution of the organic world, we shall l>e as near as we 
can get to the truth in the present state of our knowledge. 

We must now turn to the consideration of the geological 
record itself, and in the first place we may ask, what is to be 
legitimately expected from such a record ? Have we any right 
to exi>eet anything like a complete representiition, by fossil 
remains, of the past histflry of the organic world ? Obviously 
the answer to this question must l)e a decided negiLtive. The 
imperfection of the geological record is due to many causes. It 
must have l)een imperfect when first laid down, for the great 
majority of organisms usually disintegrate and pass away 
without leaving any recognizable remains l)ehind them at all. 
In most cases it is only liard skeletal structures that have any 
chance of being preserved. Bodies composed entirely of soft 
tissues, such as jellj-fish and many worms, are rarely repre* 
sented by fossils. Even hard structures, such as animal 
skeletons, will only be fossilized if they hapjHsn by some 
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fortunate chance to find their way to some place where rock 
formation of a suitable kind ia going on. The remains of land 
nnimala may be carried by rivers to some sea or lake and buried 
in a suitable accumulation of mud or sand, but it is more likely 
that they will not. Murine animals, provided they have haM 
skeletons, have, of course, many more opportunities of attaining 
a lasting monument, and we often find great thicknesses of rock, 
such as chalk and limestone, composed almost entirely of their 
remains. 

Even when the record has been successfully established, 
however, it is liable to destruction by various agencies. The 




Fia. 134. — Thrco Spevieo of Trilobitos. [From Dritish Museum Guide.) 

A., Agnoilut prin4^it ; B., OUiiui ealararln ; C, Slaarocrphalat murchiMoiii, 

rocks containing it may be uplifted u1x>ve »ea-level and planed 
right away by sub-iU'riiil denudation, or they may be sunk so 
far beneath later aucuuiulati<ni3 as to be profoundly altered by 
the acti(;n of lieat and pressure, by which means any fossils 
which ttiey contain may be completely destroyed. Then, af;ain, 
we must rememlwr that only a relatively amall projwrtion of 
the earth's crust is accessible tor investipition. Deep-lying 
rocks may 1» brought to the surface by upheikval, and denudatioa 
of overlying strata, or they may Iw reached by deep mining, but 
we know practically nothing of the strata which now lie l)enctith 
the bed of the sea, and even the dry land bus only lieen tentatively 
scratched by inquisitive man in a few places. 

Kvnn w^ro tlie ^^i-olopical record far less perfect than it 
actually in, thurefort!, its imi>erfection could not legitimately be 
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used as an argument agninst tlie theory of orguiiic evolution. 
Eroni tlie nuture of the case it must be imperfect and the 
surprising thing al)out it is that it should have yielded so much 
evidence as it has done. The earlier portions of the record, how- 
ever, liave apparently been completely destroyed. The fact tliat 
already in tlie Cambrian epoch highly organized invertebrate 
animals, such as trilohites (Fig. 134) and brachioitodu, were in 
e\iHtence, shows us that evolution must then have l>een going on 
for an inniiensely long [leriod. This period, as we have alreiuly 
indicated, is represented by the i>re-Cambrian rocks, in which 
the organic renuiins have lieen so fjir destroyed as to be only 
recognizable in a few doubtful cases. 
v The investigation of what remains of the geological record 
has, however, yielded some very remarkable and conclusive 
results. In the first place we have learnt that life on the earth 
- has been continuous without a break from the commencement 
of the Cambrian epoch to the present day, and in the second 
|)lace we have learnt that the higher groiiiis of animals and 
plants have appeared on the earth in exactly the order which we 
should expect on the assumption that each has ari.sen from some 
preceding and more lowly organi7.e(l ancestral group. 

In discussing this point we may confine our attention to the 
Vertebrata, the evoliiti»m of which seems to have taken place 
entirely diirhig post-Cambrian times. The most lowly organized 
group of true vertebrat(is existing at the present day is that of 
the Cyclostomata, which includes the lampreys and hag-iishes. 
These are distinguished from true iisliea by the absence of jaws, 
the month l>eing suctorial, and by other primitive features. The 
sknll and vertebral column remain cartilaginous throughout life 
and there are no paired limlw. Neither is any dermal armour 
of any kind deveIo|)ed. The only structuros which they possess 
which seem at all lik<;ly to Ins pieserved as fossils are the horny 
teeth. Certain txidies known as conodcnits, which occur as 
fossils in strata ranging from the Lower Kilurian to the 
Carlu>niroi-ous, may perhaps n^presont such teeth. It so they 
arr |Ntrha])s the earliust verti^brato remains as yet known.' 

The renuirkable group of lishi^s known as Ostnicodermi, 
however, makes its apjiearance in the Upi>er Silurian and 
c<mti)nK!s on to the Upper Devonian. These animals agree 

■ |-:i]]iiM|><i]iclyl.i4. from tlie l.owur <II<1 ltv<l SniKl-itniiu uf Sccitlan'l, is ].^.b:l1I1y 
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with the cyclostomes in the abseiiee of true jaws tmd (in most 
known [orms) of paired fina. and in the extremely ininiitive 
character of the vertebral column. They had also, like the 
cyclostomes, median fins, but they differed from the latter con- 
spicuously in the presence of a strongly developed dermal armour. 




I- IG 13a ^Bestoration of * 
SaodstoDe x 4 f.^*^ 
ward } 

to the existence of which their fossil remains owe their pn>ser- 
vation. As representative genera of this Rrouit we may men- 
tion Cyathaspis {Upi)er 8iluriait). I'titraspis (Liiwer Devonian). 




;. -llffli-hlhti* millrri. from thn r.owor Old Red SaTicbtiine: rostonvl 
by It. ][. Traiiiiair. A. Tli.rsiil; J!. Vtntnil: C. Uteml viows, x I. 
(From Smith WuoiiwiirJ'N " Vi-rtt'linitp l'iilii'i>iitiilo}ty."} 

Ci4>Iialiis|iis (Upper Sihiriiin and Lowvr Di-vimiiin. Fig. IS.I) «?id 
V'tiivii!litliys{Lr>wer Itcvoiiinn, Fig. I:t6). 

The origin of the Oslracoderiiii is unknown, hut tlifir rolation- 
ship to tht- i-yclosl lUK'H h;is It-d t > tlivir iriclusiiiii with the latter in 
one clauH, the Agnatlui (javvless vc rti'hrali'S ). which stands at the 
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very bottom of the vertebrate series and was probably derived from 
some primitive cbordate ancestor, not unlike Amphioxus, whicb 
had no hard structures to be handed down to us in a fossil 
condition. It is true that the ostracoderme bear a curious 
resemblance to certain extinct contemporaneous arthropods, the 
Eurypteridffi (Fig. 137), 
but this resemblance is 
probably merely super- 
ficial and due to conver- 
gence owing to similar 
conditions of life; it 
cannot be accepted as 
evidence of the origin of 
vertebrates from arthro- 
podan (vneestors, which, 
on other grounds, is ex- 
tremely improbable. 

The most primitive 
group of true jaw-bearing 
fishes is that of the Elas- 
niobranchii, including the 
existing sbarkB,dog-fishes, 
skates and rays. These 
have well develoi>ed paired 
fins and a dermal armour 
of scales or denticles, but 
their primitive character 
is shown l)y the fact 
that the internal skeleton 
remains cartilaginous 
throughout life. Frag- 
mentary indications of 
olasmobranchs occur 
already in the Ui)|)er 
Silurian, but the first satisfactory sjieciraens have so far been met 
with in rocks of Lower Devonian age (Old Red Sandstone). A 
carlHiniferous form, Acanthodes, is ropreaente<l in Fig. 13ft. 

The remarkable Dipnoi, feebly represented by the nmd- 
fisbes or lung-fishes of the present day—the Austnilian Neo- 
ocratodiiH (Fig. 110), the African Prntopterus and the South 
American Lepidosiren seem to have arisen during the 
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Devonian period and to have attained their maximuin of 
development and specialization during that epoch. This group 
IB of especial interest, as we have already had occasion to notice, 
as indicating how the transition from an aquatic to & terrestrial 
mode of life was fiiBt rendered possible to vertebrate animals by 
the conversion of the swim-bladder into a pair of lungs. The 
dipnoids, however, have remained aquatic in habit, and retain 
their gills for aquatic respiration as well as l>eing able to breathe 
air directly by means of their lungs. 

The ordinary bony fishes (Teleostei), to which the vast 
majority of existing species belong, do not attain any prominence 
OB a group before the secondary era, but they had fore-rutmers 
ia some of the early ganoids which date l)aclc to lower 
Devonian times. The teleosts are the most specialized of all 




Fto. 138. — Bestoration of Aranthodes tvarill, from the Coal Measures of 
Staffordshire, x J. (Frum British Museum Uuide.) 

fishes and it is not from such a group that we should expect the 
next great advance in organization to take its origin. 

There are the strongest anatomical and enibryologicnl grouiidB 
for believing that the Am])hibia, a group which at the present 
day includes the frogs, toads, newts and salamanders, are 
the descendants of iish-like ancestors which l>ecame a<1apted to 
an air-breathing mode of life by the development of lungs. The 
dipnoid fishes, which, as we have already seen, attained their 
maximum of development in the Devonian epoch, show us 
clearly enough how such a transition pvobably took place, and 
it was doubtless eitlier from some dipnoid form, or from some 
otlier primitive type of fish which bad also succeeded in con- 
verting its swini-bladder into lungs, that the Amphibia anise. 
The fact that amphibian remains lirst occur in Lower Carboni- 
ferous rocks is in complete harmony with this hypothesis us to 
the origin of the group. 
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Tlie earliest known amphibianB are the Stegoeepbaliu, so- 
called on account o! the strongly developed Imny armour 
which covered the head and formed the roof of the skull, as it 
did already in many of the earlier fishes. Tliese Stegocephalia 
included both Biuall, salamander-Itke forms such as Branchio- 
saurus (Fig. 139) and large crocodile -hke creatures — the 
labyrintliodouts. Some of them survived into the Triassic 




Fi<;. V.i'.i. Itni'fhu^iiiTii* .wihlntlfiimi ; resloruliuii of Skeleton (A) and 
ventnil .\rincnir (H) hv ][. I'rciliipr, iiat. mxo. liowor Fenniaa. {From 
Smith Woodwam'H " Vertebrate l'uliL>onlijlogy.") 

eiM>cli, tiftcr which they appear to have become entirely extinct, 
iind iilthougli a fair nunilter of Amphibia still exist iit the present 
day, the group must l>e regarded as having attained its maximum 
of development in late Palivozoic and early Kfesozoic times. The 
vxiHting frogs and toiul^ are very highly sjiecialized forms, 
completely adapted to a terrestrial life in the adult condition hut 
for the moKt part rcHorting to water to deposit tliuir eggs, which 
hatch out in the form of iu[uatic lish-like larvw or tadjKiles, 
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breathing by means of giliB (Fig. 121). The newta, on the other 
hand, though developing lungs, retain the fieh-like foriu and the 
aquatic habit throughout life. 

In one respect the imperfection of the geological record as 
regards the origin of the Amphibia from fishes is especially to 
be regretted. One of the chief distinctions l>etween the two 
groups lies in the fact that whereas the Amphibia ain-ays 
have pentadactyl limbs (except when these have l>een lost 
by degeneration), the fishes have only fins, which are not 
pentadactyl. The conversion of the fin into a pentadactyl limb 
was no doubt an adaptation to the terrestrial mode of life, but 
neither comparative anatomy nor embryology nor yet the evidence 
ot the geological record have so far enabled us to discover how the 
transformation of the one type of limb into the other actually took 
place. We can only hope that light may yet be thrown upon this 
difficult problem by the discovery of the fossil remains of inter- 
mediate forms. 

The reptiles and the amphibians are closely related to one 
another, hut existing reptiles are readily distinguished from 
existing amphibians in a variety of ways. For example, they 
produce much larger eggs, within which the young are nourished 
op to a very advanced stage of development by means of the yolk, 
while the embryo is provided with the special protective and 
respiratory fcetal membranes known as amnion and allantois, 
which are not found in amphibians. A reptile, again, never 
develops gills at any stage of its existence, while an amphibian 
not only has gills in the larval but sometimes also in the adult 
stata 

Fossil remains naturally afford no clue as lo when the develop- 
ment of the fibtal membranes and the suppression of the larval 
gills took place, and we are thrown liack entirely UfWH skeletal 
peculiarities as a means of distinguisliing between extinct 
members of the two groups. From one iH)int of view this ia 
unsatisfactory, but the very difficulty which we experience in 
drawing a hard and fast line lietween the fossil reptiles and 
amphibians only serves to emphasize the fact that the one group 
has l)een derived from the other. 

One of the chief osttological {>eculiaritie»i which distinguish 
existing reptiles from amphibians is, as Dr. Smith Woodward 
oI>serves, " the degeneration of the parasphenoid bone and its 
functional replacement in the basi-cranial axis by the pterygoids. 



Digitized byGoOgle 



THE GEOLOGICAL RECORD 



295 



. . . If this feature in the palate has always been distinctive, 
Pahaihaltfria, from the Lower Permian of Saxony, is the 
earliest member of the class Reptilia hitherto discovered ; and it 
is certain that during the Upper Permian age there were numerous 
re|>tileB both in Europe and America, probably also in South 
Africa." ' So far as the evidence goes, therefore, the appearance 
of the Reptilia succeeds that of the Amphibia in exactly the way 
demanded by the theory of organic evolution. 

The reptiles as a group attained their maximum of develop- 
ment in Mesozoic times, and of the nine great orders into 
which the class has been subdivided only four persist at the 
present day, and one of these four is represented by only a single 




after Soeley.) 



Smith Woodward, 



specicB. TliissiKscies, N/)fcfHn(/oH (=^IIatt'ria) piinclatiiit {Fif^. 113), 
now conluied to certain small islands off the coast of New 
f^ealimd, is the sole surviving representative of the order 
Itliynchoceplialia, and not only constitutes the oldest existing type 
of reptile but also makes a very close approach to the oldest type 
known from fossil remains — thee\tinct Pahuohatteriaof the Lower 
I'eniiian. The other existing orders of reptiles are the Chelonia 
(turtles and tortoises), the Squamata (lizards and snakes) and the 
Crocodilia (crocodiles and alligators). 

Many of the extinct Secondary reptiles were far more highly 
specialized and remarkable than u>iy existing forms. Different 
menilvers of the class were adapted to the most diverse modes of 
life, the group having taken full possession of sea, land and air. 

> A. ■■^milli Winiilwnnl, " ()iitUiii:4 iit Vi^rltlintlu rnlHwiilology fur Sluilcnti o( 
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reKeiiiMance to inammnls. One of the best known is the celebrated 
FftriiibftiimH (Fig. 140), clescrilied by tlie late Profeesor Seeley 
From llie Karoo forinalion of Cape Colony. This aninml attained 
a leiigtli of Bome ten or eleven feet. 

The Siiuropterygia or Plesiosaiiria (Fig. 141) were long- 
nei-ked lizard-like forms, sometimes of large dimensions, wiiich 
had l>ecome re-adapted to a marine life, and whose limbs, while 
retaining the typical pentadactyl structure, gradually became 
modttied to form paddles. The group seems to have persisted 




IWlgiuin. X A- [I'l 

throughout the whole of the Secondary period and shows a gradual 
evolution from the Triaw onwards. 

The Ichthyopttirygia or Ichthyosiinrja (Fig. 14^), which also 
range throughout the whole of the Sueundary pttriod, were more 
completely iidaptud to life in the ocean and iic<|uired a renuirkahly 
Itsh-likfl form, like the wliales, dolphins and porpoises amongst 
existing nuimmalB. 

The Dinosiiuria or Ornithoflcelidn formed an enormoiis griup 
of land reptiles which seems to have arisen in the Triausic j>eriod 
and reached its climax in .Turassic and Cretaceous litiieH. 
Some of them were carnivorous, others herbivorous; some walked 
on all fours and others on their hind legs, and they often attained 
gigantic dimensions. The well known Iguanodon ( Fig. 14:1 ). from the 
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Woalden deposits of Europe, was a huge herbivore, which seems to 
hnve supported its massive \yody, chietly at any rate, on its hind 
limbH, which were much more strongly developed than the front 
pair. The American Brontosaurus (Fig. U4) and DiplodocuB 
walked on all fours, and the latter attained a length of 80 feet, 
hut a large proportion of this was taken up by the enormously 
loug neck and tail. Li l>oth these forms the head was of 
astonishingly small dimensions in proportion to the rest of the 
body. Other Dinosaurs, such as Stegoaaurus (Fig, 145) and 
Triceratops (Fig. 146), developed an extraordinary dermal 
armature of bony plates or spines. 

i'erhaps the most remarkable of all the extinct reptiles of 
the Secondary period, however, were the Ornithosauria (Ptero- 
Hauria or pterodactyls), whicli at that time oecupietl the place now 




Fill. H7.- Skeleti.ii mid OutlJnu tit /tmiiiixlim i,vi>lriitalU. tnitn the l'|ii>er 
CrctacoimM of Kuiikud, U.S.A. ; X k'*- (l*'n'iii Uritisli Mutwuiii lluiile.) 

filled by t)te birds and hats. These animals were very perfectly 
adapted for flight, the wing l>eing formed, as alrea<ly described in 
Chapter XVII, by an extension of the skin BUpporte<l by the arms, 
legs ami tail, and esiHicially by the enormously elongated fifth digit 
(Fig. l)!l). Some of these Hying reptiles attainwl a very large 
size, the total expanse of Ihu wings in I'tenuiodon (Fig. 147) 
being alK)ut eighteen feet. 

The origin of birds from reptilian ancestors has been ijutte 
conclusively demonstrated on anatomical and einbryologieal 

Kki. 144. Skeleton of llroiiloanurat rrifUnt, friin the L'pner Juruttsio ot 

WTouiiiis, U.S.A.; X ,;,o. (Knun l(riti-.h Miigeum Guide, after O. C. 

Marah.) 
Vm. 145.- Skeletiin c.f SUgiMaiiTUi iiiiiiiiliil"», fnim Jurannic of Wj-omind ; 

X s'o {Knim Smith WcHidward'H " Verlehrato PalLoimtuloKy," after 

(t. C Marsh.) 
Fin. H(!. -Skelehiii cif Triffralniit jimmu, from I'rotarciiua iif Wyoming ; 
X g'g. (Ftou Uritiiih Uuscum UuiJe, uftvr U. C. Murnh.) 
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grounds, and Professor Hiixlej included both birds and reptiles 
in one large group, the Sauropsida. The structure of their 
wings shows, however, that birds cannot have arisen from 
pterodactyls but must have sprung from some less specialized 
form, mainly through the development of a dermal exoskeleton 
in the form of feathers, which constitutes the chief distinguishing 
feature of the group. It is, therefore, quite in accordance with 
expectation that the earliest known bird, Archsopteryx (Fig. 151), 
should have been found in the lithographic slates of Solenhofen 
in Bavaria, which are of Upper Jurassic age, and should exhibit 
characters intermediate between those of existing birds and 
reptiles. We shall have occasion to refer to this remarkable 
connecting link more in detail in our next chapter. 

The Mammalia, so far as existing evidence indicates, appeared 
ai an earlier date than the birds, but the earliest known inamiuals 
were far less highly specialized forms than birds, and although 
what appear to be mammalian remains have lieen found as low 
down as the Trios, the group did not attain much importance 
before the Tertiary epoch, when it replaced the reptiles as the 
dominant group of vertebrates. Opinions have l)een a good deal 
divided as to whether the mammals arose directly from amphibian 
ancestors or from some primitive group of reptiles. On the 
whole the evidence seems to l)e deiiidedlj in favour of the latter 
view, which fits in very well with the firet appearance of the 
mammals just when the reptiles were licginning to ))econie 
dominant, and with the fact that, as we have already seen, 
some of the earlier reptiles were extraordinarily manuimlian 
in aspect. 

The earliest mammals were small forms of doubtful affinities. 
Dr. Smith Woodward remarks in this connection : — " It is as yet 
impossible to deternitue at what particular stiige in the evolution 
of the vertebrate skeleton the lmig-hre«thers first acquired the 
chnriicteristic mannnalian circulatory system, the milk -producing 
glands, and a dermal covering of hair," these being the principal 
features, apart from the skeleton, which distinguish mammals 
from reptilcK at the present day. The difiiculty is increased by 
the fact that some of (be anotnodtmt reptiles had acquired h 
dentition very similar to that of primitive mammals, while the 
earliest known mamuials are represented hy little more than a 
few fossil jaws and teeth. 

The Miimmalia, )K)tIi living and extinct, may l)e divided into 
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three inftin siibclasseB. (1) J'rofof/tena, with the single sumving 
order Monotreiiiata, represented by the Australiiin spiny ant- 
eater (Echidna, Fig. 92) and duck-billed Platypus (Ornithorhyn- 
chua, Fig. 91), which, as we have already seen, are intermediate 
l>oth in anatoiaical structure and in their method of reproduction 
between the reptiles and the more typical mammals. (2) Meta- 
Iheria, with the sole order Marsupialia, represented to-day by 
the Australian kangnroos, wombats, phalangers, thylacinea and 
numerous other pouched mammals, and by the American opossums 
(Didelphyidte) and Gienolestes. These are in some respects primi- 
tive forms, in which the j'oung are liorn at a very early stage of 
their development (there l«sing at the most only a very feebly 
developed pliusenta) and usually carried alxiut, attached to the 
teat of the mother, in a marsupium or pouch. They are readily 
distinguished by osteological features, especially the structure of the 
jaws and teeth (Fig. 108), from the higher mammalB. (3) Rntheria, 
the dominant mammals of the present day, with a large numl)er 
of orders — edentates, whales, Birenians, ungulates, rodents, 
carnivores, insectivores, bats and prinmtes ; with well developed 
placenta and retaining the young in the womb until a very 
advanced stage of development. There can Ite no doubt that 
the Eutberia are on the whole more highly organiised forms 
than the Metatlieria and the latter than the Prototlieria. This 
is es|X4cially indicated by the grtulual acquisition and perfection 
of the characteristically mammalian method of nourishing the 
young by means of the placenta and mammary glands. 

The Older of appearance in time of the principal sulxlivisionB 
of the class Mannnalia, as indicated by the geological record, 
entirely supports the evolutionary byiMithesis. The earliest 
known fossils which may i^Bsibly \te referable to the class are of 
Triassic ago. Tritylodon is represented by an imperfect skull 
from Ihe Karoo formation of South Africa. This has generally 
Iwien regarde<l as mammalian, but Dr. Hrnitli WcxKlward, notwith- 
standing the fact that it has tul>erculated grinding teeth with 
doe])ly cleft roots, considers that it probably l>elonged to an 
aiionnMlont or themmorph reptile. Microlestes is represented by 
double- rooted, nmltitulterculate teeth obtained from European 
Uliivtic formations, and may also possibly l>e reptilian. 

In deposits of Ijower an<l Upl)er Jnrassic age we find more 
convincing evidence of the existence of true inaumials. The 
celebrated Stonesfield slate of Oxfonlshire (Lower Jurassic) has 
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yielded a fragment of a. jnw, conttuiiiiig three small multitulier- 
culiite grinding teeth, to which tlie name Stereognathus has been 
given, and one of the Middle Pnrl)eck lieds of Swanage (Upper 
Jurassic) has eontrihuted the well known jaws of Plagiaulas 
(Fig. 148). liBiiiains of closely related forms, supposed to have 
telonged to the same family (PlagiaulncidEe). havel)een discovered 
in Upper Jurassic and Upper Cretaceoun formations of North 
America, and the family appears to have survived, both iu IHurope 
and North America, into early Tertiary times. 

The Plagiaulacidte and related forms have l)een grouped together 
in the extinct order Multituberculata, which l)r. Smith Wood- 
ward places i)rovisionaIly amongst the Prototheria, side l>y side 
with the surviving order Monotremata, no remains of which are 
known to occur before Tertiary 
times. It is possible, however, 
that the Multituberculata may be 
metatherian rather than proto- 
therian. 
The remains of undoubted Meta- 

M , .„ »» ,1 . ,,.,-, theria (Marsupialia) first occur, so 
Plfl. 148.- Mandible i)t riiuiiaular , ■■ , ' . , , 

mtHor, X 4. (t'niiii Smith I'"' "■'^ ''Ve yet know, in the sanae 

WiXMiward'B " Vertebrate Iteds US the earliest Multitulter- 

Pal,«n.t«l<,f.y." after Fal- ^^^^^^^ (le„ving out of account 

the enigmatical Tritylodoii and 

Microlestes). Mandibles of Phascolotheriuni (Fig, 149) and 

Amphitheriuni have been found in the Stonesfield slate, while 

Triconodon and Spalacotherlum are similarly represented in the 

mammal Itcd at Hunllestoiie Bay near Swanage. 

Tliroughout the whole of the Koeondary period the niantniaU 
remained of insignilicant size, and in a more or less primitive 
condition, such iik is represented at the present day by the 
HUiviving nn mot rci IK'S and marsupialH, The typical placental 
manniials (Entlu^ria) are not known to uh from formations of 
earlier date tlian the Eiicono. Then, all at once, they seem to have 
branched out in every direction anil taken possession ot land, sea 
and nir just as the reptiles had donelx'fore them; whales replacing 
the Ichtbyusauria and rifsiosnuria. various groups of land 
mammals rciilaclng tlie Theromorpha and Diiiosauria, and \n\ts 
sharing with llie birds the kingdom of llie air wliicb had formerly 
iH'li.nged t.i tlif pter"da<-tyls. 

As in the case nf tlu^ir aiiiphihian and reptilian predecessors. 
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iiiiitiy of the maiiiniiiliaii groups in Tertiary times have run to 
gretit Ri'/.e ; most of the liirger forms, such us the primitive 
ungulate, Tinoceras (Fig. 150), of the American Eocene, and the 
giant ground sloth. Megatherium, of the American Pleistocene, 
are already extinct, liut it must not he forgotten that the existing 
whales are amongst the largest animals that have ever hved, and 
in hulk at any rate will hear comparison with the largest of 
the great extinct reptiles. 

The last term in the evolutir>nary series of the Mammalia is 
man, whose advent, so far as we at present know, dates back only 



Nat. JL.V. 




Mandible of PliaKiM/.frii'w l.„rl.tai..li ; X 3. (From Smith 
Woodwanl'H " Verlsbrate PalHKintoloK}-," aiter OottdnciL.) 



to al>out the commencement of the Pleistocene or end ot the 
I'liotene epoch.' 

There is one more point that is well worth empliasi/,ingal>out the 
evolution of the Vertelirata, as indicated not only hy the geological 
record hut also hy the facts of comparative anatomy. Each 
successive great group appears to have arisen, not from the 
most highly specialized memlters of some preceding great 
group, hut from comimratively undifferentiated forms. Thus the 
Amphibia arose, not from Ixmy fishes, hut from primitive dipnuids 
or ganoids ; the reptiles an)ee, not from frogs or toads, hut from 
priniitivo stegocephalian amphibia; the birds arose, not from 
liturodactyls, but from comparatively unspecialined reptiles; the 
mamnmiR also arose from the more primitive reptilian forms, and 
niiin himself, whose advent undoubUxlly marks the commencement 
of a fresh line of evolution, belongs to the order Primates, which 
in res])t'ct of bodily organization, as seen, for example, in the 
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typicftl pentiidACtyl litubs, is fnr more primitive than many other 
luftiiiiiinliftii groups. 

Each great group seems to have l)egu[i in a small way, then 
developed rapidly, branching out in uiany directions nnd l>econiing 
the dominant group for the time being, only to dwindle away 
agaiu and give place to some new and vigorous off-shoot. 'J'he 
dominance of any particular group has often ))eeii accompanied 
by the attainment of enormous size by its individual members.' 




Via. 130.- Skck'tim ut 7'i«nr-^nMti.i/fH«.triuutheMulilloEitcene"f Wvoiuiiiy, 
X a'd- (From Itritinh Sluwiim Uiiidc, nfter O. 0. Marsh.) 

and it is not impossible that this may have had something to do 
with its sulMeipicnl decline or complete ttxtiuction. 

Ko far as tlio animal kingdom is concerned, we may jverhapa 
say wiLliout ft>:nggeration that the succession in time of the 
difTeicnt groups, us indicated by the gcoloRiciiI record, amounts 
to poHilivo dt^iiionstratitm of the truth of the theory of organic 
evolution. In th<t case of pliints the record iw (lerbaps not quite 
HO cleiir, but here also there can be no reasonable doubt that the 
great groups succeeded one anotht-r in a niiinni'r consistent with 
the theory, commencing with tlio algiu and ending with the 
Howering platits of the present day. 
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CHAPTER XX 

Fogsil podipreea —Ancestry of birds, horses, eloi^unts and vhale^. 

^- ■)Hr laat ehiipter we gave a lirief outline of tlie genera) course 
oliition amonpfst vertebrate animale as indicsted tiy the 
»iciil record. We may now atudy in HoniewLat greater 
certain lirancbes of the great phylogenetic tree which are 
ially well represetited by foBHil remains and therefore 
'.ulariy instructive from tlie point of view of the evolution 

y- 

e of the most highly specialized groups of vertebrates that 

ever existed is that of the birdH. We have already pointed 

[lat, on anab)mical grounda, birds are classed together with 

es as Sauropsida. They agree with reptiles in their method 

iroduction by means of largo, lieavily yolked eggs, and in 

reseiice. in the enibrj'o, of the characteristic fcctal membranes, 

on and allantois, as well as in certain morphological charac- 

;»t the atluit. They differ from reptiles, however, in many 

ing features. Thus they {tossess feathers, which almost (but 

juite) completely replace the reptilian scales as a protective 

keleton. The anterior limbn are moditied to form wings, 

constructed, as we have already seen in Chapter XVII, on an 

entirely different plan from those of Hying reptiles. The digits of 

the hand are very greatly reduced ; only one of tlieui, and that in 

a vestigial condition, projects freely from the anterior l)order of the 

wing, forming the so-called " ala spuria " (Fig. 99). The true tail 

is greatly abbreviated mid the caudal vertebra' reduced in numlier 

and to a large extent fused together to form the "ploughshare 

bone " which supports the tail feathers. Lastly, all existing birds 

have completely lost their teeth, whicli are functionally replaced 

by the horny beak. 

The remains of the earliest known bird, ArchKopteryx (Fig. 151), 
have betin found in the celebrated lithographic stoneof Solenhofen 
in Mavaria, of I'pper Jurassic age, which, owing to its extremely 
tine grain, is jMiculiarly well suited for the preservation of even 
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such delicate structures as feathers. This animal was about the 
size of a rook and the presence of well developed feathers and 
wings of the avian type is alone sufficient to show tliat we are 
dealing with a true bird. It still exhibits, however, a number of 
features which are usually met with in reptiles but have dis- 
appeared in modern birds. The digits of the anterior limb are 
not nearly so much reduced as in the latter, for three claw-bearitig 




i'li-r. 151.--l;'osail Remains iif ArrhnnfUriir sirmeuai, shoving the three 
HufpirH ill each win^', the lonf- tail, leathern, &c. (Fniiii I^unkeBter's 
'■ Hxtinct Animals.") 

hngers iiroject from the nnterim- inurgiii of the wing ; the tail is 
elongiited like that of a lizard and HiipporU^d by alwut twenty 
Hoparate vin-tehrai each carrying a pair of teatliers ; and iiuiueruns 
teeth are present in the beiik. 

It is obvious that Art;hicopteryx represents a stage in the 
derivation of birds from reptilian imceHtora. and this is exactly 
what we should expect of tlu' earliest birds in acconlance with 
the theory of fvi)lution. Unfortunately, with the exception of a 
few other tootlied birds of Cretaceous dale, Archa'opteryx iu 
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Mmosl the only link in the pedigree of birds which has so far 
been discovered, and it teaches us nothing as to the origin of 
those characteristic avian structures, the feathers, which it 
posKesses already in a fully developed condition. 

IL will be observed that Archteopteryx occupies a position 
between reptiles aTid typical birds exactly comparable with that 
of the Monotremata between reptiles and typical mammals (see 
Chapter XVII), the only difference being that the Monotremata 
still survive side by side with mammals of the most highly 
advanced type, while Archasopteryx has long since become extinct. 

One of the most complete fossil pedigrees as yet known to us 




is that of the Equidie or horse family. As we have already seen 
in Chapter XVII, the study of comparative anatomy indicates very 
clt^iuly tlinl llie highly specialized single-toed limbs of the horse 
(I'ig. 1)7) must have arisen from some primitive pentadactyl 
type liy gnulual suppression of nil the digits except the middle 
one. Amongst the fossil remains of horse-like animals which 
aUiiind in various tertiary formations of Europe and America we 
find a very complete series of stages in the evolution of the 
modern horse, which entirely conlirtns this conclusion. Our 
knowledge of this extremely interesting phylogenetic series is due 
hugely to the late Professor 0. C. Marsh and has l>een admirably 
summarized by Mr. It. S. Lull in the American Journal of Science.' 
' Scric* IV, Vol. XXIII, 11107. 

X 2 
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I'lii. isa, - Outliui's of llorwi" of different ' io»ln;:iciil rcriodK, shoviii*; their 

Itebtive Sbw^. (Fn.m l.ull.l 

'i,rr.>l,.ni1iirn"-(i:'K-.'i"'l;''.(»n.lu|.i.u-lK..,-..i.r); r,M,.^..1,i|.i.ii»(OliKo™ifH .f.Msn..- 

lii|'|.iiK iMiiH'-iii'li r, riia1ii|<t>ii> |l'li<Hi'U<-i: /, Ki|uaH (Itetfnt). 
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It IB generally admitted that the Equidie originated from the 
Coiidylarthra. a group of primitive, five-toed, ungulate mammalB 
which made its appearance in early Eocene times, and the beet- 
known representative of which is Phenacodus (Fig. 152). The 
evolution of the horses appears to have taken place chiefly in 
America, though occasionally representativea of the group seem to 
have migrated to or from Europe, doubtlees by a former land 
connection in the neighlx)urhood of Behring Strait, In com- 
paratively recent times, however, the family became confined to 
the old world and wae only re-introduced to America by human 
agency. 

The course of their evolution has evidently been determined by 
the development of extensive, dry, grass-covered, open plains 
on the American continent. In adaptation to life on such areas 
structural modification has proceeded chiefly in two directions. 
The limbs have liecome greatly elongated and the foot uplifted 
from the ground, and thus adapted for rapid flight from pursuing 
eneniiea, while the middle digit has become more and more 
important and the others, together with the ulna and the fibula, 
have gradually disappeared or liecome reduced to mere vestiges. 
At the same time the grazing mechanism has been gradually 
perfected. The neck and head have l)ecome elongated so 
that the animal is able to reach the ground without bending its 
legs, and the cheek teeth have acquired complexgrinding surfaces 
and have greatly increased in length to comi)ensate for the 
increased rate of wear. As in bo many other groups, the evolution 
of these s)>ecial characters has been accompanied by gradual 
increase in size (Pig. 153). Thus Eobippue, of lower Eocene 
times, appears to have l>een not more than 11 inches high at the 
shoulder, while existing horses measure al>out 64 inches, and the 
numen)us intermediate genera for the most part show a regular 
progress in this respect. 

All these changes have taken place very gradually, and a 
Iwautiful series of intermediate forms indicating the different 
stages from Enhippus to the nimlern horse (Equus) have l)een 
disciivereil. The soijuence of these stages in geological time 
exactly tits in with the theoiy that each one has lieen derived 
friini the one next )>el[iw it by more perfect adaptation to the 
conditions of life. Numerous genera have Iwen descril>ed, but it 
is not necessary to mention more than a few. 

The first indisputably horse-like animal appears to have been 
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Hyracotherium, remains of which have been found in the 
London Clay (Lower Eocene). Another Lower Eocene genus 
was EohippuH, which seems to have arisen !n Western Europe, 
pOBsibly from a hyracotherian ancestry, and migrated, by way 
of Northern Asia, to America, where itB remains occur in rocks 
of the same age. In this animal (Fig. 154) the fore foot b&d 
four well developed digits and the thumb was represented byt 
splint bone ; in the hind foot the great toe had entirely dis- 
appeared and the fifth digit was represented only by a splint 
bone. In both fore and hind feet 
the third or middle digit was slreadj 
conspicuously larger than any of the 
others. 

EohippuB was succeeded by Pro- 
torohippuB (Pig. 153, a), which was 
some 3 inches higher and had lost 
the vestigial thumb. Then came 
Orohippus (Fig. 153, h), again a little 
larger and with closely similar feet 

8^ iJ Li (^^S- ISS), but with a considerable 

" //-vl\ advance in the evolution of the 

grinding teeth. The last of the 
Eocene horses was Epihippus, still 
with four toes in front and three 
behind, but with the lateral toes 
b further reduced in size and another 

re Fout and <listiiict advance in tooth structure. 
, Hind t'lKit of Kuliii'i'im j,] Qligocene times there occurred 
utter M^h) "*"' '" '" North America Mesobippus and 
Aliohippus, and in Europe Anchi- 
therium, Mesohippus (Fig. 163, r) was 18 inches or more in 
height, with three digits and a vestige of the lifth in the fore 
foot and three digits only in the hind foot (Fig. 156). Miohippus 
attained a lieight of 24 inches and closely resembled Mesohippus 
in the structure of its feet. Ancliithcrium is supposed to l>e 
a Eiirojwau rlerivative of Miuhip])ii3. 

In tlie Miocene period tlie horses appear to have attained tlieir 
maximum uf development as A gro«i>, and anmnber of extinct 
American genera are distinguishable. Merycliippus (Fig. 153. if), 
I'rotoliippus and Neiibipparion were still tliree-loed horses, though 
the lateral digits were now greatly reduced (Fig. IS?). Pliohippus 
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(Fig. 153, e^), which continued on into Pliocene times and nttained 
a heiglit of 48 inches, had the second and fourth digits of each 
foot represented by mere splint bones as in modern horses, 
and had therefore already attained to the single-toed condition 
(Fig. 158). 

In Pliocene times, however, we still find a three-toed horse — 
Hipparion — surviving in Europe, but the modern one-toed genus 
EquuH (Fig. 15S, /) also makes 
its appearance both in the old and 
new worlds. Incoming extinct in 
the new world in Post- Pleistocene 
timets until re -introduced from 
Kurope hy the agency of man. 

The time occupied in the evolu- 
tion of the genus Equus from 
its remote ancestor Eohippus is 
estimated hy Professor Sollas at 
five or six millions of years. This 
{>eri(Ml is sutlicient to allow of a 
very slow and gradual change 
from one condition to the other. 
Allowing five years for each 
generation, Sollaw arrives at the 
conclusion that somewhere aliout 
a million generations intt^rvene 
iH^ween the two uxtrem<tH. Tho 
total increAstt in hei<;ht during 
this time has Ihicu 53 inches, an<] 1'" 
if this incr(!ase w(>re spread fairly 
uinformly over the whole peri(Kl 
it would only mean alwiit O'CXXWr) inch for each successive 
generation— an amount which would lie quite iniiH^rceptihle to 
human ol)servers. 

In reconHtructing such a pedigree as that of the horse from 
pahiontological iividence it is of coufHe necessary to W-ar in 
mind that the great majority of extinct fornis which come to 
light will almost certainly not Iks actually in tlui diri«t line of 
<liHci.nt. Collateral branches will have hwui given off from the 
pliyliigen(!tic tree in various <lirwtionH, and it is much more likely 
that iiTiy jmrticular form discovered will belong to one of these 
hranches than that it will Itelong to the main stem. This fact. 
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iH't of Orulii/'i'iiA <(i;i7(>, x J. 
(Fn>tii Lull, ufter Marali.) 



Digitized byGoOgle 



312 



OrTLISES OF EVOLrnONAET EIi'Li-^iT 



ffftaiAf: V/ pkk fjul prtttr Mearal>e!v iboiie vbSci; t>zmtt im: t 
near to tijie dirwt liiitr. «nd even tbe c^UatM^iJe^ ii£>:4rJ -r^tiWK 

wr that ttM: [aUwiitol'^cal eTidenee ud'>iuiIs' i.:- a dt!«r 
il«:tiKin=mo-:in of lise ^v^vsac 
of tbe borse frvr-a a frrc^-VM 
ancestor alon^ iIm- Iiz>« is£- 
caud alwve. 

TbeuHcstiy <rf tbe defJune 
lit less veil knovii titao ifau 
<jf tbe horses, bat receai dif- 
eoreries in ibe Ef^ypcun Ter- 
tiary fomudoDs, Thieh we om 
especialir to tbe iavesti^tioDs 
of l>r. Andrews, bare dcme 
macb to elucidate Ibe hiptorr 
of this remarkalJe groap of 
maniaials, and there c*n now 
lie DO doubt as to the main 
line of evolution vhich has led 
up to the existing Proboscidea. 
In some respects tbe elepliantB 
have remained in a some- 
what primitive condition, as 
is indicated very clearly b.y tbe 
f>LCl that all the digits remain 
well develo)>ed in both fore »nd 
hitid f(«t. It is in the Btruc- 
h tiirc of the head that tbey 

nil /', lliml exhiliitahif^hdegreeof B|)ecial- 
ixiition, iniirked itarticulurly by 
the elongation of the snout to 
form ft long pruhi^nmle trunk, by the I'normous development of 
tliii iiccipitiil ntgiDii of the Hkull, !>>' the enlargement of tbe 
ineiKor ti^cith to form unuit tiiskn, liy th(t shDrtening of the jaws 
and hy the inen^iiKo iti hi/.i; iind ciiinplexity and the reduction in 
nniiilMT of the cheek teilh. These clmnReH have l>een nccom- 
))aiii<i(l liy A liiige incroiise in the hI/c of the entire i)ody. bo that 
miiHt of tliii <'h!phiints ar« iiiuongHt the lar-jeHt of known land 
miLinnialH, wliethcir fuMsil or rocenl. 




(Fr..-i 



.„/„>,„„ 



L) 



Digitized byGoOgle 



EVOLUTION OP ELEPHANTS 



ai3 



Like tlie horses, the elephants probably originated from that 
primitive ungulate group, the Condylarthra, The earliest known 
form exhibiting proboscidean characters is Mcmtheriuni. a 
tapir-like animal whose remains have keen found in the Middle 
and Upper Eocene dejwsitB of 
the Egyptian Fayiim. This was 
a comparatively small creature, 
alwut as large as a Newfoundland 
dog. It prolmbly differed but little 
from other primitive ungulates, 
)>nt the skull (Fig. 15!), 1) already 
shows marked proboscidean ten- 
dencies. The position of the nasal 
bones, away back from the tip of 
the snout, indicates that there 
was in all likelihood a short pro- 
boscis. The occipital region of 
the skull is lieginning to grow up 
and air cells are Iwginning to 
develop in the bones. The second 
pair of incisor teeth in each jaw 
are enlarged to form small tusks 
and the hinder cheek teeth are 
lieginning to show an increase in 
complexity of structure. The total 
numlier of teeth however {&(>) is 
only eight short of the full typical 
mammalian dentition. 

The next stage in repri^sented 
by Paln-omastodon (Fig. 159, '2) 
fnini the Upiwr Eocent! of the same 
region, some speciew of which were 
little larger than Mu'ritheriuni 
while others attained almost 
elephantine proportions. In thin genus we notice a strong 
accentuation of the proboticidean characters. The occiput is higher, 
the nasal opening in the skull further back, the up)>er tusks 
lietter developed, the cheek teeth more complex ; while the canines 
and all the incisors except the tusks in both jaws have dis- 
a|)|M!ared. It will l)e observed that as yet there in no shortening 
of Die jawH, but, on the contrary, the lower jaw has become 




i7. II, Fiiro Fixit Riid h, 
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considerably elongated, apparently serving as a support for the 
lengthening proboscis. 

In Tetrabdodon amiunlkienn, from European Miocene formations, 
this elongation of the mandible is much more marked, so that 
the lower Jaw is much longer than the upper one and the short 
lower tusk comes to project almost as 
far forward as the long upper one (Fig. 
159, 3). From this time onwards, how- 
ever, the chin shortens, thereby atlowiag 
greater flexihility to the proboscis, so that 
in the lower Pliocene we find TctrahfliHl-m 
loiKjiroHtriH (Fig. 15!l, 4) with the lower 
jaw only a little longer than the upper. 
leading the way to the mastodons and 
true elephants (Elephas), which also 
appeared in Pliocene times and in which 
the tuaks have entirely disappeare<l from 
the greatly abbreviated mandibles while 
the cheek teeth have l>ecome enormously 
enlarged and complicated (Vip,. 159, 5). 

^\■e have here a wonderfully perfect 
series of connecting Hnks between the 
most primitive known ungulate mammals 
and the elephants. Only forms which 
apjiear to lie in or near the direct line of 
descent have been mentioned in the above 
brief account. Other modifications of 
the i)r()boB(.'idcau tyi>e arose as lateral 
otTshoota from this main stem. One of 
thi^ moat reniarkable of these is Dino- 
tberium, with its great, downwardly 
directed lower tjisks (Fig. llJO). which 
appeared in Europe in tlie Pliocene pfrittd. 
In the case of the CVtawa, a group which includes the whales, 
lii>riK)is('H and dolphins, we have iis yet only a nnich more fnig- 
nientiuy jiedigrie. but still (pntt! sutlicicnt to justify, on the 
liiUji-iiiitoli.gini! sidt^ the conclusion, already arrive<l at on ana- 
toTuienl gionnds, that these oxtremely alK'rrant forms are the 
dcscendnnts of typical terrestrial nianiTiials which have l>ocome 
re-iulapled lo nn ai]natie life and in accimlimcc therewith have 
ru-aciiuirt'd a siipiTticial rt^cnililutife to their nnich more remote 
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fiah-like ancestors.' The fore limbs have l>ecome converted into 
paddles while the hind hmbs have entirely disappeared esternally 




Fill. 1()0.~-Rkull of IHiinthfriMm (liijaideiim, loiwer I'liocene, x ^. (From 
Smith ^\'i)uiiwiinr» " Vertebrate I'aliponlologj'," after Kaup.) 

(Fig, 161). The titil hiiH liecoino Hiitt^^ned out into a horizontnl 
tin and there is frei|neiitly a well developed dorsal fin. The skull 



I llritish Uuseum 



has undtTfiono very i-nrioiis chan^'i-s. The liriiin case is rounded 
and str"ni,'ly arclird (Fiji- Hi'i) and tlif nasal apertures or litow- 
liolos lit', far hack, at <ir near the highest point of the head 
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(Fig. 101, h), while the jaws have become greatly elongated. The 
teeth have in some cases completely disappeared, a» in the whale- 




Itritish ^[uHouiti Guide.) 



iHiiie whales (except for fcetal vestiges), while in others they are 
present in large numbers but have lost the typical inannnalian 




^f (if tbo Skull <it a {irimitive Whale. 
(l''r<iiii ItritiHh Muhouui Uiiiile.) 

difTerentiiition into iiiciHorK, canines, pri'niolare and molars, lieing 
represented hy a continuous and uniform series, all of which are 
conical in sbapo and single-rooted. Huch teeth occur in botli 
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jawB of the porpoiseB and dolphinB (Fig. 162) and in the lower 
jaw only of the sperm whale. 

In the extinct shark-toothed Dolphins (Squalodoiitidit), whose 
remainB have been found in Miocene formations of Europe and 
America, the teeth are Btill differentiated into incisors, cnnines. 
premolars and molars, and the molarB have double roots and 
compresbed crowns with serrated edges. 

Further hack, in Eocene times, there existed, widely distributed 

over the northern hemisphere, a {-roup of still more ])riniitive 

whale-like animals known as Zeiiglodontidce. In these the seven 

vertebra* of the neck, which in existing whales are more or 

less fused together into a solid mass (Fig. 103), are all seiMirat«, 

and the typical dental formula is identical with that of primitive 

, , ...31 4 3—2 

camivorons land mammals, viz, i „, c. , p.m. , m. ,, . 

The genus Prozeuglodon, from the Egyptian Eocene, ap- 
proaches so closely in the characters of tlie sknll and teeth 
(Fig. 163) to the primitive carnivores (Creodontin)of about the same 
period as to leave no reasonable doubt about the derivation of the 
Cetacea from that group, although it is quite possible that none 
of the extinct forms so far discovered are actually in the direct 
line of descent of any of the modern whales. 
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CHAPTER XXI 

neugraphical dintribiitioii' Areax of dintril>iitioii IlarrierB to itiiprntinn 

MoaiiH uf dU]*erBHl Chaii^fee in the phj-Hical coiiditiocH of tho enrth'a 

Kurfucu The evidcnco nlforilcil by tho study of f^>ffraphical dielrtbiition 

vith ro(;ard hi tho theory of orgmiiu cvohition. 

It irt liiu'dly neceEwary to remind the reader timt ciicli 8i>ecies 
of plant or tmimal, in a atiite of nature, in more or loas slinrply 
r«8tricte<l to a certain portion of the eiirtb's Kurfiite, the entire 
region over which it may Iw found, whether sea or land, I)eing 
termed ita area of distribution, finch areiie of specific distribu- 
tion are nearly alwayK coutinuou», without any considerable gaps 
or intervals from which the species is entirely alwent. This does 
not, of course, mean that the species necewsarily occurs in all 
parts of its area of distri)>ution at once, but that it is free to 
ran^e over the whole of it and tuay accordingly tw found in any 
suitable part of it at any time. It is necessary to iutrwluce some 
such (jualifying word as "suitable" in this connection, Itecause 
each si>ecies is not only restricted in its range to a m<]re or less 
well-defined geographical area, hut can only live continuously in 
certain portitms of that area, to the special c<niditions of which it 
is structurally and i)hysiologically adapted and whicli constitute 
its habitat. Thus, for example, a fresh-water snail may [xsrhaps 
range over an entire continent, but it would lie useless to look for 
it excejit in frimh water. Individuals of a species nniy pass with 
niiir<! r>r less fnttnUim, according to the nature of tint case, from 
one habitat to another within the area of distributi<m, but it is 
only on rare and exceptional occaisions that they are able to 
transgress the iKunidaries of the area itself. 

True discontinuity in areas of spccitic distribution, as distin- 
guished fnnii mere discontinuity of habitats, is extremely rare. 
We have a good example of it, liowevei', in the case of the marsh 

■ Till- nmli^r u rifiTrifl lo Mr. WiittiicTs rUi^ii-nl voluniii. on " iMlnntl Life" nnd 

n Ocih'rnphk-nl |)iiiri>iiiii<iii nf Auiriiiils," iiikI tn Vrofi-wior tli'il]irin'ii work im 

III.- " I>iHl|[l.iili..ij <.r Aiiiiiinls" [ii 111.' lnl.'riiaO<.ii!il Sciviililto S'rk'i. (Vul. l.VIll, 



Digitized byGoOgle 



320 OUTLINES OF EVOLUTIONARY BIOLOGY 

tit {Pai-us paiuslria), which hfts two areas of distribution separated 
from one another by an interval of four thousand miles — in 
Europe and Asia Minor on the one hand and in Northern Cliina 
on the other. 

The size of the area over which a species may range varies 
immensely, in some cases comprising an entire continent, or even 
more, and iji others only a few square miles. Thus the leo{>ard 
ranges over the whole of Africa and most of Southern Asia, while 
the Tuatara (Fig. 113) is confined to certain small islands off the 
coast of New Zealand, and certain species of humming birds 
are said to occur only on the volcanic peak of Chimborazo in the 
equatorial Andes. 

An areii of generic distribution is the sum of the nreius of 
distribution of all the si)ecies which are comprised within the 
genus, and thus genera have usually a much wider geographical 
range than species. Families, again, have a wider range than 
genera and orders than families, and bo on with groups of still 
higher value. In short, the more comprehensive the group the 
larger will be its area of distribution, until we find that the sub- 
kingdoms or phyla are cosmopolitan, ranging more or less over 
the entire world, wherever a suitable habitat is to )>e found. 

The reason why Hjwcies are rarely, if ever, cosmopolitan in 
their distribution is that they are confined within their own 
limited areas by the e^iistence of physical conditions which con- 
stitute what are called barriers to migration. Such barriers 
either form a))solutely insuperable obstacles to the passage of the 
species in question or tliey may be surmounted only at rare 
intervals and by some happy chance. 

The nature of the barriers varies, of course, with the species 
ctmcerned, and wluit is a barrier to one may be a high roati 
to another. In the case of marine animals the principal barriers 
are continents and temperature conditions, while the deep sea 
itself acts as a barrier to the distribution of shore-dwelling or 
littoral fonub. For terrestrial animals the chief barriers are 
seas, rivers, mountain ranges, deserts and climate generally ; for 
fresh-water animals land aTid sea. In the case o! plants the 
liarriers to migration are very much the same. 

It may be laid down as a general law that every organism, 
whether animal uv vef;etable. at some period or other of its 
existence is speciallj- adnjited so as to secure disjiersal either by 
its own exertions or bj the action of some fxtenial agency. By 
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some means or another it is able, not only to spread itself over 
its own area ot distribution, but also, when occasion oilers, to 
extend that area by surmounting its barriers. 

The lower terrestrial plants, such as fungi, mosses and ferns, 
are dispersed by means of spores, which, protected by special 
envelopes, mny be widely distributed by the wind. In the 
higher plants the B^ioreB, as agents of diBpersal, are ceplaced by 
seeds, which, usually still within the fruit, maybe carried on the 
wind. Boated on rivers or ocean currents, carried about entangled 
in the hair or feathers of animals, or actually eaten and passed 
out uninjured in the fteces. A great many seeds and fruits are 
specially modified in structure to secure their distribution in one 
or other of these ways, and the study of such adaptations consti- 
tutes one of the most interesting chapters in botanical science. 
We need only refer here to such fruits as the blackberry, whose 
succulence tempts the birds to eat them and carry the seeds, 
safely enclosed in their hard protective envelopes, to long 
distances ; the various kinds of burs with their hooks for entangle- 
ment in fur and feathers ; the winged fruits of the maple, elm 
and ash, and the thistledown of the thistles, adapted for floating 
on the wind. 

The dispersal of plants is in all cases passive and dependent 
on external agencies, though sometimes aided by some purely 
mechanical device in the plant itself; in the case of animals it 
may take place either passively or actively, by the exertions of 
the animals themselves. 

Beginning with the marine fauna, we fmd that the larger 
forms — whales, porpoises, dolphins and fishes — owe their dis- 
I>erBal mainly to their own active powers of locomotion, while 
the smaller animals, especially the invertebrates, are largely 
dependent in this respect upon oceanic currents. 

Even animals which, like the s^wnges and corals, are lirnily 
fixed to the sea-bottom in the adult condition, have free-swim- 
niuig larval forms (Fig- 1U4) whose own limited powers of 
locomotion may, under favourable circumstances, l)e enormously 
supplemented by the action of currents. Such larval forms, 
from the i>oint of view of dispersal, play the part of the spores and 
seeds of plants, and they occur not only in cases where the adult 
is strictly sedentary in habit but also where its powers of loco- 
motion are limited, as in many worms, snails, crabs (Fig. 12H), 
star-tishes, brittle stars (l''ig- 1'27) and sea-urchins. The 
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dispersal even of large and active fish, like the mackerel, is largely 
assisted hy the action of currents upon the floating eggs, and 
this factor must be of still greater importance in the case of 
the comparatively sluggish bottom dwellers, such as the turbot 
and sole. 

The more superficial waters of the open ocean are denselv 
populated with pelagic animaU and plants and with pelagic eggs 
and larvie in various stages of development, all drifting more or 
less helplessly wherever the ocean currents may carry them, for 
their own powers of locomotion are usually quite insufficient to 
enable them to pursue an inde- 
pendent course. This Hualiug 
population is technically spoken 
of as " plankton " and its in- 
vestigation, which is oF great 
imijorlance for the solution of 
practical tisbery prohlems. has 
lately attracted a great deal of 
attention. 

We must therefore regard all 

the great ocean currents, such 

as the (inlf Stream, as highways 

Fia. IW.— Free-swimmiiig Larva of thronged with life of many kinds. 

a SpoDKe, Uninlia c.inj-reMa ; JHchidinc representatives of all 

highly luttKuifiod. , ■ . . 

,^ . . , , .. ■. the more nnportant groups of 

(TUe l»n« swinm l>y niciins of tlip rapid . r o 1 

utiduiHiioiw of ihu iiumi-niiiii HaK>'iiu marmo auiuiais, any one of 
withniiichitmijrcivic. .> which iiiay be on its way to 

found a new colony and estahlish its own i)articular siiecies in some 
region far disUnt from its original home. Some of the wanderers 
are only immature fonns, bclongitig partly to sliore-dwelling 
si>ecies, others are adult. Almost all exhibit some Hjttjcial adap- 
tation to their i>ela«ie nioile of life. The lish-eggs are floated 
by oil-globules, and the larv.i' of the orabs, brittle stars and 
sea-urchins are provideil witli defensive spines (Figs. 127, 12«> ; 
but the most general and clmracteriKtic feature of all the pelagic 
host is transparency, whereby they are rendered inconsjiit-iious 
and less likely U> become the victinm of the numerous eneniiea 
wliicli feed upon the plankton. Ailull jelly-tisb, worms, mollusc-s 
and cniHUiceans. and innumeralile larval forms, all eshibit this 
same pei'uliarity. 

The effect ot otean currents upon the distribution of marine 
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animalB is shown in a very interesting manner in the case of the 
Mediterranean and the Bed Sea. In each of these there is a 
Burface current const)intly flowing in from the open ocean and 
brinj^ing in vast numbers of individuals, both larval und adult, 
which never find their way out again. Hence these almost 
enclosed seas form a kind of trap for marine animals and we 
accordingly find them to be inhabited by an exceptionally rich 
and varied fauna. 

The range of marine species, though eometimes very wide, is 
usually more or less strictly limited, so that the shores of every 
continent have their own characteristic fauna and flora. This in 
no doubt partly accounted for by differences in climatic conditions, 
food supply and so forth, but it is mainly due to the fact that, 
in spite of the facilities for travel afforded by ocean currents, 
the dangers incidental to a long voyage from one continent to 
another are rarely surmounted, at any rate by Bhure-dwelling 
organisms. We know that many such forms flourish quite as well 
in some other part of the world as in their original home if they 
can once overcome the initial difficulty of migration. Thus 
the artificial introduction of the American oyster into British 
seas haB accidentally brought with it the introduction of the 
remarkable linij>et-like Crepidula, which attaches ilself to the 
oyster Khells and runs riot over the oyster beds on the Essex 
coast. That such occurrences may occasionally take place in a 
state of nature, and a species thereby l)e enabled to extend its 
area of distribution, there can l>e no reasonable douht, for even 
American turtles have occasionally been carried hy the Gulf 
Stream to the shores of Great Britain. 

Amongst the higher forms of non-aquatic animals, and 
e8i>ecialty inrds and mannnaLt, their own iwwers of locomotion 
constitub! the most important means of dispersal. E.\Bn these, 
however, are frequently tranB]>orted for long distances by those 
external agencies which are chiefly responsible for the disi>ersal 
of less highly organized forms. 

Leaving out of account, for the moment, the action of man, 
which haa bniught alMUit immense changes in the geographical 
distribution of the existing fauna, the chiuf agents to Im noticed 
in this connecti[>n are wind and water. 

it is to the action of the wind that large nuuiliers of winged 
animals — insects, birds and bats -owe the wide distribution which 
they enjoy. All actively Hying land animals are liable to be 
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carried out to sea in storms, and although the great majority of 
these will inevitably perish a few will occaBionally manage to 
reach some distant haven where they may Bucceed in establish- 
ing a colony and thus extending the range of the species. 

During westerly winds American birds not infrequently make 
their appearance on various parts of the coast of Europe, while 
nm-th of the 68th parallel of latitude the polar winds trend in 
the opposite direction and with them we find a transference of 
European birds, by way of Iceland and Greenland, to the 
American continent.' During storms, again, European birds are 
east upon the Aiiores, about 1,000 miles from the neareflt 
continental coast, and there is strong reason for believing that 
the little wax-eye (Zo8tero]}ii lateralii) has been transported in 
this way from Australia to New Zealand, where it baa succeeded 
in establishing itself. 

Water currents may play an important part in the dispersal 
of two groups of terrestrial animals— those which occasionally 
swim and those which are liable to be carried away on icebergs 
or on floating masses of vegetaTion. Most quadrupeds swim well 
and even if not habitual swimmers may be forced to take to the 
water in times of flood. In this way they may cross large 
rivers and even get carried out to sea and perhaps to Bome 
neighbouring island, but they cannot cross large stretches 
of open ocean, and are accordingly never found, except 
when introduced by man, on islands far remote from any 
continent. 

In polar regions the floating ice afl"orda a means of dispersal 
to such animals as wolves and polar bears, while within the 
tropics floating islands or rafts formed of matted vegetation play 
the same part. Such islands have been observed floating out to 
sea from the mouths of large rivers like the Ganges, the Amazon, 
the Congo and the Orinoco. They serve as a means of transport 
to many difTerent kinds of terrestrial reptiles, birds and mammals, 
and countless molluHCs, worms and insects, to say nothing of 
plants. 

" If," aiiys Sir Charles Lyell, " the Burfiice of the deep be 
calm, and the rafts are carried along by a current, or wafted by 
some alight breath of air fanning the folia{;e of the green trees. 
it may arrive, after a passage of several weeks, at the bay of an 
island into which its plants and animals may he poured out as 
' lldlpiiii. .-p- <■<!.. y.il. 
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from ao ark, and thus a colony of several hundred new species 
may at once be naturalized." ' 

As a definite example of this kind of dispersal may be men- 
tioned the fact that in 1827 a large boa coDStrictor, twisted round 
the trunk of a tree, was carried by ocean currents from South 
America to the Island of St. Vincent, where it was destroyed 
after killing a few sheep. 

A current Hows from the North Island of New Zealand 
southwards to Chatham Island, four hundred miles distant 
from the nearest point on the New Zealand coast. This current 
carries considerable quantities of New Zealand timber to the 
island and its existence probably accounts for the fact that the 
planarian worm, Geojilana rxiilans, has been found both in the 
North Island of New Zealand and on Chatham Island, but, as 
yet, nowhere else. The laud planarians habitually creep into 
the crevices of decayed timber, and their eggs are enclosed in 
tough, horny cocoons which may probably occasionally be 
transported even over wide stretches of sea. 

Small terrestrial animals are, of course, often accidentally 
dispersed by human agency. Kats, mice and cockroaches have 
been carried nearly all over the world by Hbips, and snails, 
worms and other small creatures may be carried about with 
tinil>er and earth, especially around the roots of plants. When 
i was in New Zealand I had some plants sent to me from 
England in a tightly closed tin box. When they arrived, after 
a voyage of some five or six weeks, I found an earthworm still 
alive in the tin. Many invertebrates have doubtlese been 
unknowingly dispersed in this manner and great care has to be 
taken to make due allowance for such possibilities in studying 
problems of distribution. In exactly the same sort of way the 
seeds of many plants are accidentally diupersed over the world 
in ships' ballast, so that the same common Euro[)ean weeds 
occur in the neighbourhood of the ports along all the great 
routes of commerce. 

The restrictions placed upon the dispersal of fresh water 
animals are more severe than in the case of either marine or 
terrestrial forms. One river system or one lake is separated 
from another by intervening land or sea which fresh water 
animals cannot as a rule cross by their own exertions. There 
are of course exceptions, as in the case of the lampreys and eels, 

' I.jcira " rrincililLTi ul lioolugy," M. 5, Vol. III., p. H. 
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and other fish which go down to the sea periodicallj, but (or the 
most part the inhahitants of fresh water are largely dei>endent 
upon external agencies for their dispersal. Accordingly ice find 
two groups of such animals, widely contrasted with one another 
as regards their distribution. Those which do not go tlown to 
the sea and which are not likely to be carried about by external 
a<;encieB, such as most of the fishes, have usually restricted areas 
of specific distribution, and individual mountain lakes sometimes 
contain peculiar upecies of fiuh which are found nowhere else in 
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the world, (lal'iriiin in<i<illi<iruk. for example, is a small fish 
which occurs abuiiiiiuitiy in lake Nigothoruk in Victoria 
(AnstriiliiO. This lake is in a very isolated position in a 
mountaiiions region mid the only outlet is by percolation under- 
ground. There appears to be no natural means by which the 
lisli <:t)ul(l 1k! transferred to any other locality at the present 
time, iinil it is not kn^wn to occur elsewhere. 

Oil tlie other hand many fresh wat«r invertpbrates, such as 
the I'ulyzoa, liydras and MjHHigeH, and above all the microscopic 
Protozoa, are remarkiilile for their wide distribution. Identical 
genera if not idt^ntical species of tliese f^roups occur almost all 
over the world, and the reason tor this is not far to seek, for all 
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of them have some special character which enables them to be 
eiiiiily dis{)erBed by exteraal agencies. The fresh water Polyzoa 
and sponi^es produce minute buds (statobtasts or gemmules) 
enclosed in hiird protective envelopes (Figs. 165, 16(>), whicli are 
likely to be carried about in the mud on the feet of wading birds 
and mammals. The embryo of Hydra secretes its own protective 
envelope (Fig. 59, D— G) within which it passes through a. period 
of rest embedded in the mud ; while many of the Protista (e.g. 
Hiematococcus) are capable of being dried up at some period or 
other of their life-history and carried about by the wind in the 
form of duet. Thus a sample of mud, taken from a pond and 
dried up, may, after an interval of many months, if again placed 
in water, give rise to an abundant fauna, amongst which even 
such highly organized forms as Crustacea (c.//. Apus and 
Uranchipus, wliieh lay specially protected eggs) will frequently 
appear. 

We must remember that the present distribution of animals 
and plants is the outcome not only of the existing physical 
conditions of the earth's surface but also of conditions which 
obtained in past geological [>eriods. From time to time these 
c<>nditionB undergo great changes, which may concern not only 
the climate of particular regions or of the entire world, but also 
the relative distribution of land and sea. 

The earth has been subject, at various periods of its history, 
to climatic changes of two chief kinds, (1) cold or even glacial 
epochs in temperate regions, and {'2) mild or warm eiK)chs in 
arctic or antarctic regions. Probably alternations of these two 
extremes have l>een not infrequent, but the case of which we 
have most complete knowledge occurred in the Pleistocene period 
anil is usually known nn the " Glacial Eiiocli " }»ir cj-cc/Zc »<•<■. 

There is clear evidence that during a jxirlion of the Pleistocene 
period a very large part of the northern heniisjihere, which now 
enjoys a teni|)erate climate, was covered with |>er{>ctual ice and 
snow and reduced to a condition resembling that of Greenland 
at the present time. Scandinavia and the whole of Northern 
Eunii>e were buried beneath the ice-sheet, and the same is truo 
of the northern parL of North America. 

Tlio gliK-ial ti[x>cli in the north must have driven the greater 
niniiber of the northern plants and animals southwards, causing 
a keen struggle for exiBtonco in which many species were 
exterminated. Its influence was possibly intensified by the 
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fact that the glaciation waB not continuous but alternated with a 
succession of wfirm periods. The southern hemisphere also 
experienced a {glacial epoch during which warm and cold periods 
alternated, and aBtronomers hold that the warm i>eriods in ooe 
hemiephere coincided with cold ones in the other. It has been 
calculated that each warm or cold period lasted for alioat 
21 ,000 years. 

Other important chanf:;es in climate occurred long before the 
great glacial epoch. Thus the foBsil remains of a luxnriaiit 
vegetation in Greenland and other northern localities indicate 
the occurrence of a mild arctic climate in Miocene times. Sucli 
a climate must have favoured migration between the old and 
new worlds hy way of what is now Behring Strait, which may 
very well have been dry land at the time. 

Owing to the gradual loss of the earth's heat by rndiation and 
the conse<|uent shrinkage and crumpling of the solid crust, 
variations in the level of the land are constantly takini; place. 
Areas whicii are at present separated by sea may have l>een 
connected in former times and rice rersa, and there can be no 
doubt that the distribution of plants and animals has lieen 
profoundly influenced in this way. Many cases of discoiitinuitv 
in distribution may be explained by the former existence of land 
contiections which no longer remain. It is necessary, however, 
to be extremely careful how we invoke the aid of this piinciple, 
which, as an easy way out of dilHculties, is aiit to lead us into 
all sorts of unjustihable speculations. 

Those remarkable animals the lemurs, as a group, exhibit a 
very curious discontinuity in their distrilmtion, occurring in 
Africa (and especially Madagascai) on the one hand and in 
Southern Asia on the other. To explain this distribution it has 
l«jen suggested that hi foraier times a continent— Lemnria — 
existed in the Indian Ocean. Similarly, but with perhaps 
greater justilieation, it is believed by many people that the 
antarctic continent at one time extended much further north 
than at the present day, so as to afford, }>ossibly with the aid of 
a chain of islands and with the co-operation of a mild antarctic 
climate, a route along which migration might take place between 
South America and Australasia. In this way may be explained 
certain remarkable points of agreement between the fauim and 
flora of Australia and New Zealand and those of South America. 
The genos Fuchsia, for example, is typically South American, 
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hilt one or two species occur in New Zealand ; and the same ie 
true of Calceolariii. Tlie evergieen beecli foreBts of New Zealand 
must 1)6 extraordinarily like tliuse wliich Darwin describetl in 
Patagonia. Even the same curiouB genns of fungus (Cyltaria) 
is found on the lieech trees in South America, New Zealand and ■ 
Tastnaiiia. A fresh water lamprey, (ieotria, also occurs Imth in 
New Zealand and South America and similar case» could he 
quoted from the invertebrate fauna. 

It is very dou)>tful, liowever, whether such iin extensive change 
in the configuration of the earth's surface us the snhmergence of 
an entire continent has ever taken place. According lo 
Dr. AVailnce, who is recognized an the greatest authority on 
the subject of geographical distribution, the e.xisting continents 
and oceans as a whole are iwrmanont features, although their 
outlines may be greatly alTected by oscillations of the earth's 
crust. 

I'erbapH the strongest argument against the former existence 
of continents where we now have oceans lies in the fact that the 
average depth of the sea is many limes greater than the average 
height of the land, no less than twelve thousand feet as com- 
pared with one thousand, for the great depths of the ocean 
extend over vast areas while the greatest heights of the land 
are narrow mountain ranges. Hence, although large areas of 
land miglit l)e submerged by a conii)aratively slight change of 
level, it would take an enormous movement to bring any extensive 
tract of the ocean l>ed to the surface. 

In short, we are only justified in iwstulivting the former 
existence of land in places where the ocean is comparatively 
shallow, hut even this limitation leaves abundant ii)>i)ortnnity 
for changes in the relative distribution of land and sea which 
would profoundly alTect the dietribulifin of ])lants and animals. 
The actual occurrence of such changes is abundantly jirovi'd by 
geological evidence and they are kiiiiwn to he going on at the 
present day in many parts of tlie world. 

There is gcMHl reascui to believe that tlie principal groups <ii 
terrestrial aninukis originated in the great northern land masses 
and that the southern {Ktninsniar ariMis of Africa, Australasia 
(now, of coiirsti, represented by detached islands) and South 
America have I wen pO(jple<l nuuidy hy successive waves of 
nn'gration from the north. We find in all these southern areas 
primitive, ancient forms of life. Marsupials at the present day 
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are found only in Australasia and America, but the fossil reniain- 
of such animals are widely distributed over the northern hemi- 
sphere. The Onyc'hophora, again, a small group of extreoielt 
primitive arthropods, which until recently were all included bv 
zoologists in the single genus Peripatus (Fig. 167), are almost 
confined to Australasia, South Africa and South America, in all 
of which regions they are fairly abundant. It is more reasonable 
to imagine that the ancestors of the Onycliophora migrated 
from the north, where the group has now becx>me estind, 
than to invent imaginary continents 
across which they may liave wandered, 
or even to suppose that they have 
Ijeen so widely distributetl as we now 
lind them by some external agency 
such as floating timlter. 

The geographical distribution of 
[ilants and animals would l)e (|nilv 
inexplicable on the yupposition Umt 
they had all l>een independently 
created and deposited where thev 
now live. It is, however, easy enough 
to explain it on the theory that the 
earth has been peopled by the des- 
cendants of common ancestors which 
migrated from place to place as 
I''!n.l67. — /'(ri/Nid'S'd/KJis/s, occasion permitted and at the sanie 
(l''ri.m a iiliotoftrnpli.) ''""^ underwent modification in many 
different directions. We may now 
briefly t<umuiarize tliu principal facts of distribution which justifv 
UK in liolding this view. 

(1) Tiie extent of the area of distribution of any gntup of 
animals is directly pni]n)rtional to its means of disiwrsal. Thus 
Hying animals are miicli more widely distributed than quadrufK-ds. 
Birds occur abundantly on oceanic islands, but the only niaiiinials 
which occur there in a state of nature are bats and small forms 
like rats and mice which may lie carried on floating tiinl>er. 
Nevertheless we know tliat when the larger mammals are tran.'i- 
ported by man to such localities they flourish exct'e<h'iigly. 
Many I'nUomia, again, which are readily blown al>»nt in the form 
of dust, are almost msmopolitan even as regards their s]tecieK. 
{•2) The degree of peculiarity of the fauna and flora of any 
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area in proportional to the length of time for which and the 
extent to which that area has been isolated from other areas. 
Thus Australia, which has probably been separated from the 
Asiatic continent ever uinee the Cretaceous period, has a most 
peculiar fauna and flora. We have already referred to the 
numerous different kinds of marsupials — kangaroos, wombats, 
phalangers, native l>ears, native cats and so forth-^which have 
not as yet been supplanted by the more recently developed 
groups of mammals found in other parts of the world. Australia 
is also still the home of those most primitive and reptile-like 
of all the mammals, the Monotremata {Figs. 91, O'i). The 
Australasian forests, again, are composed principally of eucalypts 
of many different species, which are found nowhere else in the 
world. In New Zealand, which is even more isolated than 
Australia, we find no less peculiar inhabitants, including the 
wonderful tiiatara (Fig. 113), the oldest surviving type of terrestrial 
vertebrate, together with the kiwi (Fig. Ill) and other remarkable 
flightless birds. 

The reasons why the degree of i>eculiarity ot the fauna and 
flora of any region is prop<irtional to the degree of geographical 
isolation are notdiflicult to find. On the one hand ancient types, 
such as the tuatara, the monotremes and the marsupials, may he 
preserved from competition with more modern forms long after 
they have been exterminated elsewhere. On the other hand, indivi- 
duals accidentally introduced from distant areas at rare intervals 
will have few opportunities of breeding with others of the same 
species, and thus whatever variation occurs amongst tlieni will 
l>e less liable to be swamped by intercrossing with the parent 
form. New races and ultimately new species will thus Income 
established more readily in such areas than elsewhere. This 
principle of geographical isolation as a factor in the production 
of new species is of great imjKirtance and we shall have to refer 
to it again in a subsequent chapter. 

The itoological or botanical affinities of the inhabitants of any 
given area, not only with one another but also with those of 
adjacent areas, are exactly what we should expect in accordance 
with the views which we are advocating. It is iniiK>seihle to 
l)elieve that the existing marsupials were (with the exception of 
the few American species) all specially created in .\ustralasia 
when we know perfectly well that marsupials used to exist in 
Euroi>e in past geological thues and can still exist in Europe 
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when transported there by human agency, and it is equally 
impossible tu believe that gucli animals as sheep and ral}bit=, to 
which the Australian cliuiate appears to be pre-eminently euited. 
were specially created in Europe and Asia but never in Australu. 
The eicistiiig condition of the Austnilian fauna in, however, eaRilj 
explained on the supposition that it was originally derived frf'in 
Asia at the time when mareupials and mnnotremes flouritshed in 
the north, and that the island continent became separated from 
the mainland before the more recent mammalian tyj>es, suchv 
sheep and rabbits, ha<l arisen on the latter. Divergent evolution 
within the limits of this isolated area is then (]uite sufficient to 
account for the immense variety of marsupials occurring there at 
the present day. 

It is very instructive in this connection to contrast the con- 
dition of the fauna of a comparatively recently separated 
continental island, such as Great Britain, which is not fu 
removed from ils parent continent, with that of the fauna of a 
typical oceanic island which has never formed ]>art of a continent 
at all and is very widely separated from any other hind. The 
native or indigenous population of continental islands alwavE 
exhibits a close relationship with that of the adjacent mainland, 
from which it was originally derived and witli which it is still 
able to keep up a certain amount of intercourse. Huch an island 
will contain indigenous quadrupetls, and the great majority of the 
species of plants and animals found in it will be identical with 
those of the mainland. True oceanic islands, on the other band, 
such as St. Helena and the Sandwich Islands, are peopled 
entirely by waifs and strays which have gained access to them at 
rare intervals in one or other of the ways discussed in the earlier 
part of this chapter. They never contain large quiulrupeds and, 
owing to their more or less complete isolation, the animals which 
do occur almost always belong U> peculiar species found nowhere 
else in the world. 

(3) PaliPontological investigations have demonstrated that the 
present animal population of any tolerably isolated area is closely 
related to the population of the same area in companitively 
recent ge<dogical periods. Thus in Australia we not only find 
that at the present day inarsuiiials are by far the most charac- 
teristic filatures of the fauna, but also that the remains of extinct 
marsupials, many of which lielong to genera and si>ecies different 
from any now living, are very abundant in the tertiary de|X)&it8 
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of the sfime region. Similarly in South America at the present 
time the edentates (alotha, armadillos and ant-eaters) form the 
most characteriBtie mammalian group, and the tertiary deposits 
of that country have yielded the remains of a great number of 
extinct forms belonging to the same order. It would be very 
dilHcuU to explain these facts on any theory of special creation, 
but we can easily understand how a group of animals, having 
once gained a footing in any area and finding itself secure and 
more or less cut off from communication with other parts of the 
world, would increase and vary, producing new species and 
ultimately becoming the dominant group in that particular 
region. 

(4) Cases of discontinuous distribution are readily explicable 
on the theory of evolution and migration. Either individuals 
of the s[}eci8s in question have occasionally transgressed the 
iHirriers to their dispersal and established new and distant 
colonies, or possibly a large area of distribution lias liecome 
broken up into a nunil)er of smaller ones by geographical or 
climatic changes rendering portions of it uninhabitable. 

" Thus, for instance," says Bomanes, " it ts easy to understand 
that (luring the last cold e[>och the mountain hare would have 
had a continuous range ; but that as the arctic diniate gradually 
reciideil to |)olar regions, the species would be able to survive in 
Houthern latitudes only on mountain ranges, and thus would 
become broken up into many discontinuous patches, corresi«)nd- 
ing with these ranges. In the same way we can explain the 
occurrence of arctic vegetation on the Alps and Pyrenees — 
namely, as left behind by the retreat of the arctic climate at the 
close of the glacial period." * 

' '■ Iturwiii ;iml after I'arwiii,"' Vol, 1.. p. aiK'. 
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CHAPTER XXII 

Adaptation to environment in animals— De«p sen animate — The colotmtioii 
of animftla— Protective and aggressive resemblances —Warning coIouk 
—Mimicry— Epigamic ornamentation. 

In the last few ehftpters we have diacuaaed a number of (acts 
selected from that great and ever increasing mass of evidence 
which leads ue to the inevitable conclusion that the present con- 
dition of the fauna and flora of the earth, with their almoel 
endless diversity of plants and animals, is the outcome of a long 
proeeae of organic evolution. It is desirable at this stage of oor 
inquiry to emphasize the fact that this evolution, in the main, 
has been of a progressive character, and o( such a character, 
moreover, aa to maintain a more or less perfect harmony between 
the organiam and its ennronnient. 

Adaptation in bodily organization and in corresponding 
function, whereby each kind of plant or animal is enabled to 
meet the constant demands made upon it and maintain ita 
existence in the endless warfare of life, ia the great outstanding 
feature of living things. So universal is this adaptation that 
we are apt to take it for granted, and any want of it is at once 
recognized as an exception and an anomaly. Anyone, for 
example, who watches the slow and clumsy movements of a 
tortoise cannot fail to be struck with the fact that the limbs of 
this animal are but itl-suited tor pnrpoaes of locomotion, but 
even in thiH case there is compensation in that the tortoise 
carries its place of refuge about with it and has therefore little 
need to hurry itself. 

We have seen in an earlier chapter how completelv the 
pentudactyl limbs of air-breathing vertebrates may become 
modified from their primitive condition in corres))ondence with 
changes in the mode of life. The fore limbs, adapted in the 
first instance f'lr locomotion on land, have become changed in 
the whales, seals and du<;ongs into paddles ; in the pterodactyls, 
birds and bats into wings, and in luan into organs of prehension. 
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Indeed, given time enough, the power which an organism 
possesses of altering its bodily structure in accordance with new 
deiuandH on the part of the environment seemH, as we have 
already pointed out, to be ahuost without liinite. 

Thifl plasticity is illustrated in the moat striking manner in 
cases where the organism lias been removed from what may be 
regarded aa the normal environment of the group to which it 
belongs, and to which the great majority of the group are adapted, 
and come to hve under new 
and very different conditions. 
Thus it is with the aquatic 
and ai^rial maniniala, which, 
in encroaching upon the 
domains of the hshes and 
birds, have, by convergent 
evolution, come to resemble 
these in bodily form. 

Wherever we turn we find 
fresh illustrations of the same 
principle. At great depths 
of the ocean the conditions of 
life are very different fnnn 
those which obtain in shal- 
low water, and we find the 
animals which inhabit these 
abvssesnioditiedaccordingly. Fio. I6«. - - Two Deop Sea Spnngcs, 
Kig. 1(18 represents two deep a ''iSSlJi^, JJ'L-iVi"?- B u"!i- 

sea sponges obtained by the ,lrrmii miruhile : ' uat. bizo, ' (After 

'• Challenger" expedition ; Kidley aiid Iktndy in "Challenger" 

Clail'iiiiha limiiiiiiintatiom a ^ '^ 

depth of »000 tallHuns in the North Pacific and .1 rmulermn viiiahih- 
from a depth of 2'i50 fathoms in the Stmth I'licific. It will Iw seen 
at once that the form assumed by these siKmgea is very unusual 
and quiltt unlike that exhibited by their shallow water r<tlatives. 
The great majority of the meml>ers of the group of siHinges (the 
Tetraxonida) to which they belong are indeed by no means 
remarkable for symmetry ot shape, but these two are l)eautifully 
symmetrical, their form at once suggesting that of a parachute, 
with a small conical iNtdy fringed by long radiating processes 
surrounding a central root-tike projectitm. This "Crinorhiza 
form," as it is termed, is obviously an adaptation which serves 
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remember Htanding with my gun in the midst of ii dense pntch 
of scrtih in AiistraHa and hearint;; the pademelons' hopping about 
all around me. For a long time, howevBr, I could see nothing 
but the trees. My native guide ])ointed out where I was to aim, 
but I only fired at a log from the side of which a pademelon 
hopped away. Again he pointed, and this time at a. small white 
spot which 1 could just distinguish amongst the trees. I fired 
once more, aiming at the white spot, and sure enou|^h a pademelon 
rolled over. It appeared tlint I hod aimed at the white fur which 
occurs on the breast of the animal and wliich to the experienced 
eye of the native tntd all that he needed to 
know. It is often supiKised that eimepicuous 
patches of this kind serve as recognilinn marlis 
between individuals of the same species, hut it 
may he questioned how far the advantage of 
being recognized by a friend compensates for a 
disturbance of the colour harmony whicli reveals 
an animal to its enemies. 

The type of colouration which aids in the 
concealment of an animal is termed, by ]'ro- 
tesHor Poulton, cryptic. It belongs, of course, 
to t)ie apatetic group. Concealment may lie 
desirable either as a means of escape from 
enemies or for the purpose of ambuscading 
prey, or possibly for both. In the former case 
we may si>eak of it as protective resemblance 
(procryptic colouration), in the latter as aggres- 
sive resemblance (anticryptic colouration). 

Protective resemblance is often of u very highly 
specialized character, and may be due as much to adaptation 
in tictual form as to adaptation in colour; frequently these two 
factors unite in producing the result, and a third may l)e added, 
viz., adaptation in habit or instinct. In the common stick 
caterpillars of the geometer moths we see all three factors 
co-oi>erating. In co)r>ur and shape these caterpillars precisely 
r<-seml>te small twiga. They move alK)ut with a characteristic 
looping action amongst the leaves or branches of the bushes 
wliich they frequent, but when at rest they slilTen themselves up 
and stand out from the branch at the exact angle of a twig, and 




Fio. IGa, -T^rva 
of the Brim- 
alima Moth 
(Riimia cratae- 
•jata) rerttiiiK 

thorn twig ; 
nat.)^ize. (From 
Poulton.) 



> A iiiiiall i<[H-<'ics nf kniitinruo. 
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in tliis condition it is extremely difficult to detect tbem. I'rotessor 
I'oulton remurks: — 

" These caterpillars are extremely common, and l>etween two ami 
three hundred Hi)ecie8 are found in this country ; but the greal 
majority are rarely seen because of their perfect resemblance to 
the twigs of the plants upon which they teed." 

Ab will be seen from the illustration (Fig. 169), which represents 
the larva of the brimstone moth upon its food plant, the bawthoni. 
the caterpillar is enabled to main- 
tain its position for a long iieriod 
by attachiu^r its head to a twif; l>v 

IV A means of a silken thread. 

l| ^2 Numerous mothB so closely re- 

^^^^B semhle in the colour and patteni 

^H^Hp of the upper surface of their widrs 

-„^^^^^^^1^ the objects upon which they resl 

^^^^^^^"^ in the daytime, such as the liark 

^^^^^^M^ of trees, that they are almost 

*^^^^^^^^t^^ invisible, but perhaps the mo£t 

^^^^^^H perfect examples o[ protective 

^^^^^^V resemblance are met with in the 

^^^^^V wonderful leaf insects. Fig. 170 

■ ^^^^^B represents nn orthopterous insect. 

W ^^^r PiilchiiphiiUhiiii cnirijhllinn, from 

r ^ Ceylon. The whole insect is of a 

bright leaf-green colour, and not 
only are the wings shaped and 
Fii;. 170. A rircon Leaf Insect veined SO as to resemble leaves, 
{I'lihlirijihiilliinn ri'iri/''li">n. lmt even the body and legs e.\hibil 
a^lihot''.L'niph!)" ' ^ ' " *^ "'"' It^af-like outgrowths. 

In the well known Indian lenf 
huttcrtlv, Katiima (Fig. 171). the resemblance to a leaf is unlv 
»een when the insect couuis to rest with its wings folded together 
above the budy ho as to <'Xpose their under surfaces. It is a dry. 
dead leaf which in imitated Lhiis time, and stalk and midrib, veins 
:ind colour markings, even down to such minutite as rust Kpots, 
are perfectly- represented. 

The Mantidif; or praying insects feed upon flies, Ac, which 
tlioy capture with marvellous dexterity with their serrated claws. 
In snui« species llio tinifonii green coloumtioii doubtless servett, 
nut only to pnitcct tbini from their own enemies, but also to 
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I'ROTECTIVE AND AGGRESSIVE RESEMBLANCE 389 

[(reveiit them from being seen by their victims before tbey have 
C(iiiii3 within range. Other species exhibit even more wonderful 
a<Iaptationa both in form and colour. Thus the South African 
Ilai/tar Irioilor aits amongst tlie pink and wliite flowers of the 
heath, which are imitated l)y similarly coloured outgrowths of 
the hisect, and there awaits the approach of its unsuspecting 
victims; while in Mozambique the terrible IiioUun diaholiaim 




FHi. 171. An Indian I/mf iiiitteray {h'alUma i..a.Ai«); A., with wiiit-s 
<'xpan<led; II., with winpi fcilded; X f (From a photoKniph.) 

simulates, Imth in form and colour, a largo flower, and thereby 
<Icc(^'ives and attracts other insects in search of hunoy. 

It is no doubt amongst the almost innumerable species of the 
great group Tnsocta that cases of highly specialized adaptation 
for purposes of concealment or deception are most frequently 
met with. They also occur, however, and by no means 
uncommonly, in other groups of the nninuil kingdom. A 
familiar instance is afforded by the common liritish spider crab, 
now known as Marroiimlia roHlmhi,* of which excellent illns- 
triitions (under the name ('murr I'hal'ii-ijium) were given by 

I I ;iiii iiKlvbtcl lomy trU-i«\, tlii.' Kcv. T. It. It. S(el>l<in«.'. K. U.S., for iNfuniinliuii 
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(i. ll>. Itt'ilui't'il Fiirrtimilu ot Dr. Ma<i'iill<H-)rH I'lnto ..f 
r.«./m/,i, ill thi- TriiTisiicHoiis of tho l,iiiTn-an Si.dfty. On 
sliowii n ]iliiiit (it the wawi'i.'il in wliicli the iTnb drci^cs it» 
tlio i'i};ht tho (.'nib witliout Ihu beuwit'd, itnd ut Ihu buttm 
droatied up. 



thilt this (1rtissiii<; uii <if Ihe cnili in : 
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PROTECTIVE AND AGGRESSIVE RESEMBLANCE 341 

ItBelf the effect of some structural modification, however impoBsihle 
to detect, in nervous tissue. In the Australian I'lii/llopteriix 
eques, a fish which is closely related to the curious sea-horse 
(Hippocampus) of our own coasts, we get precisely the same 
idea, so to speak, carried out in a different manner. Both 
Hippocampus and Phyllopteryx live amongst seaweed, to which 
they attach themselves by means of their curious prehensile 
tails. Hippocampus (Fig. 173) exhibits no special resemblance 




Vu:. I'a. A !<oii-horBC (//i>/" 

Fm. 171. l'l,vll..}.U-n/^ o/Hfo. B 

■•Stiuly ii( Firthos.") 

to its aurronndings, bnt in Phyllopteryx (Fig. 17-1) the body is 
covered with cutaneous outgrowths wlii<-h float out in the water 
like fronds of seaweed and doubtless effect a most satisfactory 
disguise. This is certainly a loss troublesome plan than that of 
dressing up in cli>thing borrowed from tho outside world. 

The well kmrwn colour changes of the cliamiidenn and of 
various Hat tisbes, not to mention numerous other nistances 
which might Iki cited from different groups of the animal king- 
dom, are due lo a complex apparatus, controlled by the nervous 
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Ill HuriKlug i;uiii,rii8i wiiu luo i;r^i»uc cuiuurubion oy 
animal seeks, as it were, to avoid observation, are those 
cases in which self-advertiseiDeDt appears to be the n 
in view. The British army, which only in recent 
learnt the advantages of khaki clothing when in the 
exhibits some of the most startling instances of c( 
colouration met with anywhere in the animal kingdo 
whether these examples sbouUl he classed under th 
warning colours, or regarded as belonging to the 
category, is perhaps an open question. We must, hov 
fine our attention in this place to a few examples c 
colours met with amongst, the lower animals. 

We have seen that both warning and signalling a 
recognition marks, are spoken of as sematic. The fc 
furtherdistingiiiahedas aposematic and the latter as e] 
Aposematic colours are exhibited by many animals wbk 
some special means of defence and find it advanta 
advertize the fact. Wasps and hornets, with their coi 
orange- and black-banded bodies, are excellent exampit 
animals do not seek to conceal themselves but rely u 
warning colours to remind their enemies that they b 
leave them alone. It is not enough that they should pc 
power of making themselves disagreeable ; the fact 
clearly recognized, otherwise they would be constantly 
to experimental attack, and sufTer injuries for which anj 
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MIMICRY 
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coloured so as (o harmonize more or less perfeclly with their 
surroundings. 

If it is advantageous for a noxious species to advertize its true 
character, it is no less so for on innocuous one to advertize a 
false character, and gain credit for some power of making itself 
objectionable which it does not really possess. The practice of 
bluffing is by no means an exclusively human institution. Thus 
we find many insects, which in themselves are quite inoffensive, 
taking on the characteristic warning colouration of dangerous 
species. The drone-Hy mimics the bee, and though they belong 
to widely different orders of insects, 
the one having only two wings and the 
other four, the resemblance is so close 
as to have given rise, as we saw in an 
earlier chapter, to the ancient belief 
in the spontaneous generation of l>ees 
from the carcases of oxen (on which, of 
course, drone-Hies had de|H>Bited their 
«gB«)- 

Most moths, as is well known, have 
opaque wings, covered with microscopic 
scales, but in the clear-winged moths 
(Fig. 175, A) the wings have partially 
lost their scales and become transparent, 
and Ibis anomalous feature, combined 
with the colouration of the body, enables 
these perfectly harmless insects to mimic 
the dangerous hornets (Fig. l?/!, B). 
Kven a harmless snake may mimic 
tlie warning colouration of a venomous 
HjHicies, and thus secure for itself the respect which is properly 
due only to the latter. 

It is nut necessary that an animal should Ite capable of 
intlicting serious injury upon its enemies when attacked for it to 
secure immunity from pursuit as soon as recognized. Many 
liutti^rlficsand other insects, which are probably merely ilistastetul 
or nanst'iius (or perhaps actually unwholeHome) to birds, exhibit 
a])OHeniatic or warning colouration. Amongst these we lind 
curious associations known as synaposematic groups, the 
members of which, l>eb>nging to distinct species ami often by 
no means closely related to one another, seem to have combined 




l.ro..i/.,r,ni>) immioki 
H.. a Ilnnu't (IV, 
rn.l,n.):U.thxi. (Fr. 
11 phiitJiKfiil'li-) 



D,3,lradb,G00gle 



Sll OUTLINES OF EVOLrTIOXARY JUOLUtiY 

tn^'elher to ahiti'e the expenses uf a coiiiiuoii s<1verLiseiiieiit a' i 
thereby roducti thu cotit to ench. Yourij; Lirils Iiave to Wr: 
hy Gxiwrienco which itiiiectH arc ^^oud to eiit iinil whicli iir>' ii"i. 
Ill makhi^ their experiments no tloiiht thev tliuiii.selvi-s fulTri. 
but the KiihjectH of the experiment are prohuliK- at-timlly killri 
OhviouHly, then, if one expL-i-iinent cfin be made to bene f<.<r i 
number of (hfterent species of iiiwects tliere will l>e a crrf- 
Bponiling rethictioii in the death-rftte, and buiice it it^ tlint «■- 






Ki.;. ITfJ. A Syii:.F-i«'iiiiilii' "ir-.u]. ..r S..u(l, Ai.i.'ii<.;ni lA-i.i.i..i.(..ri.. :,11 . • 

iri..rj>;. l.lLnt.,L.'.M|.ll.} 



iiiid tlii-sc finmiis c,t sjincirs all jid-ipliiii^ ihi' satii.t typ,' ..: 
wariiinj; niliiiir, :iiii] tlius n.niinj^ I'l rc^^.-iiiMi' oni' iiimlhi-r vi-rv 
ebiscly. ;illh<iiij,di perhaps bflori;;inj; to lulnlly .li^lin^■[, laiiiili..^.' 
ViC. limy illiinlrab' tlii.-^ sonii'Mbat <-iiiiipl('\ phrtionK'Hiiii \.\ 
rrfi'rcnfo l.i (.-crtaiii Snuth AmrriiMn I.('tii.loi>liTa which tiik".- 
)Kirt. ill llii' foriiiali'in oF mk-Ii ;i s\ii:i|i<isi'Hi:itii.- ;^ri>ii|i. Jn 
Kij-. ITU A, I'. iMxl |i r.-pivsml biili.Tlh..s l.rl.iiit^inj; i,, ii„-..,. 
disliru't faniili.'^. »liil.' I'l is a mollj. as ijiuy 1..' >e.'ii hi ...u-.' l.y 
il>- lliiclf hn.lv and III.- al>H:m'e ol' imniiial kno)>s an i)u- aMl.,.,ui;> 
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SYNAPOSEMATIC GROUPS 345 

All of these, in common with numerous other species which 
inhabit the same area, have adopted the same characteristic 
scheme of warning colouration, wherein the prevailing tints are 
black and orange. 

In Buch a eynaposematic group, or mimicry ring, it is usually 
possible to distinguish between certain species which seem to 
have led the way in tfae development of the warning colouration, 
and others which seem to have followed their example. In 
the particular case under notice the original " models " l>elong 
to the group Ithomiinse, of which Titlwrea liannonia (Fig. 170, A) 
is a representative. These are probably the most distasteful 
meml)ers of the combination to birds. They have been imitated 
by Heliconinte, such as Ilelianihiii etlnlla (Fig. 176, B), Pierina; 
("whites"), such as IHsmorphia praxhiiie (Fig. IIG, 1>), and 
Hypsidft! (a family of moths), as exemplified by I'^ricopin aiujulma 
(Fig. 17(), E), all of which may be regarded as mimics of the 
Ithoniiinn}. 

The case of the pierine mimics is particularly instructive, 
and shows very clearly that these forms really imitate other 
species, for the female is commonly a far more perfect mimic 
than the male, which often departs little, if at all, from the typical 
colouration of the group to which it belongs. Fi(r. 17(>, C repre- 
sents a male pierine, Penliybrit (Miflotbrix) muli-ithi, which is 
at once recognizable from its colouration as a " white," although 
even here, curiously enough, there is a faint trace of the warning 
coliiuraLion on the under surface of the hind wings.' The 
femiile of the same species has the warning colouration well 
* developed, as it is in both male and female of IHsiimrphia 
pra-riiioe. 

So different are the mules and females of some of these 
mimicking species that it would lie diOicult to lielieve, went it not 
(or breeding ext)eriments, that they are really specifically 
id(!iitical. The explanation of thi! ditferetice is doubtless to Iw 
found in the fact that it is much more important, from the point 
of view of the specifs, that the females, heiivily tiulen with the 
eggs upon which the eiistence of fiituri' generations depends, 
should W able to warn off the birds, than that the males should 
do HO. for the latter, having onco lut^oniplished the ferlilixalion 
of the eggs, is of no further value to the race. 
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When nn unqiiestionahly harmless species mimics the vaniin;: 
colours of an undoubtedly noxiouB one, the case is sometinic: 
HlHikeii of iLR one of " Batesian " mimicry, after the distingaished 
iitituraliBl, H. W. Bates, wlio added so much to our knowledge of 
the subject. In the case of a synaposetnatio group, or mimiar 
ring, however, it is often impoBsible to say whether any particolu 
species is edible or not, and it may very well be that in book 
cases all are more or less inedible, though undoubtedly some, 
which are presumably the less objectionable forms, mimic other!, 
which are presumably the more objectionable. This kind of 
mimicry, resulting in the development of a warning coIodi 
common to a number of inedible species, is sometimes distin- 
guished as " Miillerian " mimicry, after the naturalist Friu 
Miilloi', \vlio fuHt suggested the correct interpretation of Ibe 
phenomenon. 

I'erhapH the most remarkable case of mimicry known 
amongst butterllies is that of certain species of Papilio found in 
Africa and Mtulnt;ascar, which have formed the subject o! 
exluiiistive study by Tnmen, Poulton and others. In Madagascar 
occurs I'ii}iilh mi-iiimea, a non-mimetic species in which the 
malit luid female (Fig. 177, A) closely resemble one another and 
both piiHst'SH thi> " tiLil " on the hiiul wing which is such a cliarar- 
tertstic feature of llx' genus. AVe may take it, tlien, that this is s 
primitive forni. On the continent of Africa is found the wide- 
spread I'li/iilii) iliinlaiiiix, with several Hubs{)ecies. Id these sub- 
siM'cics Ibe nuilii (Fig. 177. HO retains the ancestral form, but in 
mosl of tbcni the female is mimetic: it has lost the Papilio tail 
and closely mimics, both in shape imd colour markings, some 
one or iitiolbiT of various sjiecies of butterfiies l^elonging to 
dilTcriiiit funiiliiis which ocenr in the snme region. Nor is this 
all, for the female is likewise polymorphic, and different 
individimls nf thii siiuifi HubsiX'cicH resemble widely different 
modi^ls. Thus llie subspecies mn-i'iu- is known to have tbre«- 
fiirniH of fcniiilr, a liippKvnii form (Fig. 177, Hj) which mimics 
til.' (Iimaine butterlly Am„<,y\« m.iriiio (Fig. 177, C), ft ^/■.7>A..«m.x 
form ( I'ig. 177, V-.i) which mimics unotlier danaine, l.iimm* 
./oi/Ki/i/iKt iFig. 177. h), and n I'linifiu-iilrn form which mimics 
the acrii'inc. I'Um.-iwi juuiin-L Our illiiBtrations. whit'h are 
ripni.luicil from Mr. Trinicii's original memoir, give a goinl 
idi'ii of the f'lrni and pattern of some of these insects, but they 
liu-U the beiuiliful colouring of the origiiial lignres, which is 
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MIMICKY IN BUTTERFLIES 




Flu. 177. MimiiTj- ill ]liilterlli<':i. (.\ftor Triineii, from colimrtil iilates 
the Tnimrtioii- iif tlu- l.iiirifim Mociuly. Fiwl SorifM. V«L XXVl.) 
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iieccRsnry in order to t^ive a true idea of the close resemliliu ■ 
liclnTeii miinica and iiiudels. 

Breeding e\periiii(-iitH carried out Iij' Mr. (1. F. Ijfifih vritli ;r> 
aiilisjfficies i-rm-ti of I'lipilio ilonlaini* have shown tliat tli*' t-c.^ 
liiid hy one and lli<! same butterfly may give ri»e to at Km^'. 




liiivi- .lillVmit f.iiiiL-^ .if iJiiiiK'li.' f.'iuiilr. a^ wvll hh. .if c-oiir^,.. il,,- 

1]Ul]r. 

Il i:- iilivi.ius Uinl \\i- hiiv.' h.rc the v<;ry opimsilf ,,( ;i 
^vllil]H^.■■l■^llil1il- ^'11111)1. for, iTif^l.-iiil of enni-cnlriitinf; iii'on ii sinyl,. 
wiiniiiit; |.iilli-rii, .linVr.-iil iu.livi.liuils. .v.^ii of IW >nim- sp.-ci..^, 
;id<>]>l l.iiuIU diiri'iviit iKiitt'ni> ill iiiiii.'ili.m .>f t.<t:i1iy dillVrnir 
niodi'ls. Tlii^■l'Ms.' slill iv'iiiiivs a <;r.'at .|.-ut .1 <->LrlaimtI..M. hut 
oin.vn.in- li).' tai'ls iIi.t.mmii hv im) il'xiM. 
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EPKiAMIC ORNAMENTATION 3-19 

Frequenters of any good museum of natural history will be 
familiar with plenty of examples of epigamic oruameutBtion. 
The highly elalxirate and gorgeous plumnge of many male birds, 
Buch aa the i)eacock, the Argus pheasant, the AuHtralian lyre- 
bird (Fig. 178) and numerous species of humming birds, to say 
nothing of less conspicuous examples, affords the best illustration 
of this pheuomenon. In all such cases the function of the 
ornamentation appears to be to gratify the ssthetic sense of the 
female during the period of courtship, and render her amenable 
to the attetitions of her mate. There is no doubt that in many 
cases the cock bird deUberately displays himself to the best 
advantage before the admiring eyes of the hen, who is credited 
with a no less delilierate ch;^ice of the partner who most nearly 
approaches her ideal standard of beauty. In all these cases the 
plumage of the female is coni|)arativuly sombre and uninteresting. 
An elaborate and gaudy tail would be a disadvantage during 
the lengthy period of incubation, when it is desirable, Itoth 
for her own sake and that of her offspring, that the female 
should 1)6 as inconspicuous as ]H>Hsible. Thus it is the male bird 
that has had to adapt his clothing to the requirements of the 
female, and she herself is unable to follow the fashions which she 
ini]H)ses upon her mate. 

It is obvious that no theory of evolution can l>e regarded as 
.satisfactory which does not offer some explanation of the origin of 
such liighly Bpecialixed and precise adaptations as those which we 
have l>een considering in this chapter, and it was in order to 
emphasiite the need for such explanation that we have laid so 
much stress upon them. We shall see in our next chapter that 
no Ictsa remarka)>le and precise adapttitions for special pur|K>8e8 
are also met with in the vegetable kingdom, and shikll then pass 
on to seek the necessary explanation. 
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CHAPTER XXIII 

AdapUtioii to the environment in plants— Alpine plants, daacrt plants anl 
lianea— The modification of flowers in relation to in sect- fertilization. 

In plants ii<> less tlian in animals we fiiid adaptation to the 
conditions under which they have to live to be the most Etriking 
feature of their organization. We have already noticed, in 
dealing with the phenomenon of convergent evolution, the 
manner in which Alpine plants of many kinds tend to assume the 
compact cushion-like form which seems hest suited to withstand 
the rifioroua climate to which they are exjKJsed. Wherever » 
plant may l)e found growing in a state of nature the character of 
the environment is sure to he reflected more or less obviouslv in 
its structure and hahit. We see this equally clearly in the 
water-storing plants of desert regions — the cacti of Americt 
or the aloes of Africa — with their succulent steins or leaves and 
other structural modifications which enahle them to withstand 
the effect of long-continued drought, and in the climbing lianes 
of tropical forests, whose one object in life ap|)ears to be to roich 
some elevation where they can expose their foliage to the lichl 
and air. Just as we find those air-hreathiufr mammals which 
have taken to an aquatic life adopting the form and habits of 
fishes as being best suited to their changed conditions, so in the 
tropical forests of Queensland we iind palms, members of n group 
wliich elsewhero are types of self-supporting iiulepeiidenc^. 
adopting the form and habit of climbing plants as the only means 
of coping with the exigencies of the situation. 

If till? adaptation amongst plants usually appears less remark- 
aVile than is oflen the case in animals, it is because the 
reliitiona of a plant to its environment are usually less coinples 
than those of an animal. The greater activity of animals is 
associated with the development of highly specialized organs of 
locomotion, sense-organs and nervous system, all of which are 
alike subjei-t to adajitation. I'lants afford much more restricted 
opjiortunities for the effects of the environment to show them- 
selves, and it is in their relations with animals, or to speak more 
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accurately, in tboBe orgaiia which lire iiDniediutely concerned 
with these relations, that adaptation becomes moat complex and 



Even amongst animals, however, it would be difficult to lind 
I)etter illustrations of accurate adaptation to highly specialized 
conditions of the environment than those which we see in the 
wonderful structural modifications whereby the majority of 
flowers are adapted for pollination by insect agency. This 
process of pollination is commonly referred to as the "fertiliza- 
tion " of the flower, although, as we have seen in a previous 
chapter, the real act of fertilization takes place inside the 
so-called ovule and consists in the conjugation of the male and 
female gametes, the sperm-cells and egg-cells. 

The great majority of flowers produce both pollen and ovules, 
containing respectively the male and female gametes ; in other 
words Ihey are hermaphrodite. It is obvious that in such cases 
we have two possibilities with regard to fertilisation, for the 
flower may either be fertilized by its own pollen or by that of 
some other flower. It may be either " self-fertihzed " or " croes- 
fertitized," and the cross- fertilization may be effected either by 
pollen from another flower of the same plant or by p<}|len from a 
different plant of the same kind, the latter beitig the more 
advantageous. 

It seems at first sight a strange thing that when a Hower is 
capable of self-fertilization such a roundabout and apparently 
unnecessary proceeding as cross-fertilization should ever take 
place at all. It has Iwen shown, however, that cross- fertilisation, 
if not absolutely necessary, is at any rate of very great 
advantage to the plant, or rather to the species, in which it 
occurs. 

Charles Darwin experimented tor eleven years on this subject, 
and proved conclusively that cn)ss-forlili/.ation yields l>ctter 
results than self-fertilization, iHjthas regards the number of seeds 
produced and also as regards the quality of the nff'spring. It 
would be impossible to give an adequate account of his work in 
this pbice, but we may briefly notioo one series of experiments 
and ri'fer for the renuiinder to his classical volnme on the "Cross 
and Self Fertilization of Plants." He started with the "Con- 
volvulus major " (Ii>i»iura {nirpiirfa), the flowers of which are 
hi-rmaidirodile and may 1m! either cross- or sir] f- fertilized in a 
state of nature. U is an easy matter, by arlilicially conveying 
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the iKtllen on the tip of a feather, to bring about the fertihzatiun 
in any way which may be desired. Ten flowers were thus i*ll- 
tertilized with their own jJoUen, while ten others were cross- 
fertiUzed with pollen from a distinct plant. The crossed m\ 
eel f- fertilized seeds thus obtained were carefully cultivated und*rt 
exactly the same conditions, and it was found that the plaou 
raised from cross-fertilized seeds were taller than those raised 
from self- fertilized seeds in the proportion of 100 to 76. 

The same ex|iei'iment was repeated with ten successin 
generations of the same plants, and always with the same result 
in favour f>f the cross-fertilized individuals. Moreover, it unj 
proved at the same time that tlie fertility of the plants produced 
by crof.B-tertilization was greatly superior to that of the self- 
fertilized plants, a much larger quantity of seed being product. 

These results, taken in conjunction with many others of ibt 
same hind, clearly proved the advantages of cross-ferlilizatioD. 
To quote Darwin's own words : — 

"It has been shown that the offspring from the 

union of two distinct individuals, especially if their progenitors 
have been subjected to very different conditions, have &□ 
immense advantage in height, weiclit, constitutloDal vigour, anil 
fertility over the self-fertilized offspring from one of the samtt 
]»arents." 

The theoretical explanation of this advantage is not an easv 
matter, but is probably to be sought in the admixture of two 
distinct series of hereditary tendencies in the offspring of a 
cross. 

In a state of nature it is a very rare thing for plants to be 
exclusively self -fertilized, for, although self-fertilization niav take 
place in some cases to a very large extent, and although some 
flowers are so constructed that self-fertilization alone is possible, 
yet there is nearly always at least an occasional cross by the 
introduction of pollen from a ililTerent plant. 

Considering the advantages which arise from cross-fertilization, 
"AO need not he surprised to find that a very large number of 
f1<iwers are provided with special adaptations whereby tlie»e 
advantages may be seemed to them. We may notice first certain 
contriviuices by means of which self-ferlilizntion is more or less 
effectually prevented and the injurious effects of perpetual close 
inbreeding thereby nvoided. These contrivances may be classed 
under three principal heads. 
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(1) St'iMimtion of the Scxea. — In many flowers we find that only 
stamens or pistil are developed, never both, so that we get 
distinct male and female flowers, which renders set {-fertilization 
absolutely impossible, though it does not necessarily prevent 
fertilization by pollen from other flowers on the same plant. 

(2) PltiisioUigical Sel/sterilitif. — In some flowers, to quote the 
words of Darwin, "the ovules absolutely refuse to be fertilized 
by pollen from the same plant, but can be fertilized by pollen 
from any other individual of the same species." Again, in a 
large number of plants, although self-fertilization mai/ take place, 
yet, if the pollen from another individual be brought to the 
stigma, it takes precedence, so to speak, of the flower's own 
pollen and renders the latter ineffectual ; it is said to be 
prepotent. 

(3) Duhofiamy. — In a large number of flowers, in which both 
male and female organs are present, the stamens and pistil 
become mature at different times, so that self-fertilization 
cannot jxissibly take place and, physiologically speaking, the 
flowers are unisexual. Usually in these cases the pollen ripens 
and is all shed )>efore the stigma is ready to receive it. The 
flower is then termed protandrous, as for sample in the 
common pink (Dianthus). More rarely the stigma ripens and 
withers before the pollen is ripe, and such species are termed 
protogynous, as in the fig-wort {Scmjihiilaiia ttoilima). 

Of course it would be worse than UHeless to prevent self- 
ferlilizatinn unless some means were provided at the same time 
for securing cross-fertilization. We saw in Chapter VIH that 
the principal agents in conveying pollen from one flower to 
another are wind and insects, and that flowers are accordingly dis- 
tinguished as anemopliilouB or wind-fertilized and entoinophilous 
or insect-fertilized. The fact that the former are usually very 
small and inconspicuous, as for example in the grunses, while the 
latter are large and brightly coloured, affords strong presumptive 
evidence that entiunophilous flowers have become modifiwl in 
relation to the insects which visit them in search of food or 
shelter. A great many different kinds of insects have this habit, 
Imes, flies, butterflies, moths and even beettes; while in South 
America some of the humming birds in like manner play the 
(HU't of iH}|len carriers. 

We are in the habit of regarding bees as the most important 
insects concerned in the cross-fertilization of flowers, and iu 
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countries where they are plentiful this is perhaps the cit^. 
They visit the flowers in order to collect both honey aod pnlkn. 
to be used as food for themselves and their offspring. The honei 
is usually found at the bottom of a long narrow tube formed t>v 
the lower part of the corolk 
80 that in order to re«h il 
the bee requires a corre- 
spondingly Ions &nd naiTO" 
instrnment. This is pro- 
vided in the shape of a veir 
complicated proboscis (Fig. 
179), formed by modifica- 
tion, especially elongation, 
of certain of the appends^ 
surrounding the mouth, 
which in more primitiTe 
insects, like the cockroacb. 
remain short and simple 
When not in use the pro- 
boscis is neatly folded away 
beneath the head, but whea 
a Hower is visited it is un- 
folded and inserted into the 
tube containinjT the honey, 
which is then drawn upiuto 
the bee's stomacli by means 
of a special sucking ap- 
paratus. In butterflies and 
moths also a somewhat 
similar proboscis is used for 
the same purpose, but it 
differs so much from that of 
the bee in details of struc- 
ture as to indicate that it liaii 
been independently evolved 
from the primitive mouth parts of some remote insect ancestor. 
In hiith cases the mouth appendages have ))ecnmo specially adapted 
for the very Bpccial i)ur(K)He of stickinjj honey, and the necessity 
for (he fultilmcnt of the same function has led, as usual, to a 
siii>erliciul resemblance between the two types of proboscis. We 
have here, of coinse, amitbor ilhislratjon of convergent evolution. 
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iilfx I'mliiiKcis fiiniied from iiiiidificd 
M.iuth I'lirts. (From 
■• Evolution ThcMiy.") 



■:,:»;, 



;/f,;.ul. 



fli.: ,..«.. 



w. 



Dia.radbyGoOgle 



FERT[LIZATION OF FLOWERS. 355 

For collecting pollen the bees make use of their legs, on which 
special collecting brushes and bastiets are formed b; the stiff 
hairs. The pollen is first moistened with honey to make it stick 
together, and then picked up on the collecting brushes, placed 
in the baBkets on the hind legs and carried to the hive or nest. 

Insects commonly visit a large number of flowers of the same 
kind in rapid suceesBion, and, whether they intentionally collect 
pollen for their own purposes or not, it is evident that, after each 
visit to a flower containing ripe pollen grains, they will uninten- 
tionally carry away some of these, accidentally attached to various 
parts of the body. The pollen which is thus unconsciously 
carried away is equally unconsciously deposited on the stigma of 
the next flower visited, and thus cross-fertilization is effected. 
It may, of course, happen sometimes that the pollen is deposited 
on the wrong kind of flower, but that is of no consequence, for 
pollen is, with rare exceptions, quite incapable of fertilizing 
flowers of any but its own particular species. 

Under these circumstancea it will obviously be advantageous 
to a plant to make its flowers as attractive to insects as possible, 
and, just as it is desirable for a nauseous insect to inform the 
birds by means of warning colours of the fact of its unpalatability, 
so also is it desirable for flowers which have honey to offer in 
exchange for the service of pollination to make that fact known 
to their insect visitors by means of brilliant colours and strong 
scents. There can be no reasonable doubt that the colours serve 
to ntti-act the insects and to enable them to recognize the flowers 
which they prefer, and that the same is true of the scents is very 
clearly indicate<I by the fact that certain flowers, such as various 
species of Arum and related genera, which are fertilized by 
currion-loving flies, have managed t<> perfume themselves in 
accordance with the tastes of their visitors. 

It is also desirable to ensure, by means of mechanical arrange- 
ments, that the insects shall not get their honey without paying 
for it, that is to say, without effecting fertiliznlion, and this end 
is usually secured by c<mcealing the honey at the bottom of a 
long tul>e, in such a manner that the insect must brush against 
the stiini<niH and stigma Imfore it can read) it. Sotuetinies, how- 
ever, the insects Ik^couio a little too cluwr for the flower and steal 
the honey by biting a hole through the lM)ttoni of the tul>e with- 
out ever touching the stamens or stignui at all. In this way the 
red clover flowers are often robbed of their honey by the humble 
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bee, Bombm terreatrU, thus affording an example of imperftci 
adaptation. 

We may now consider a few definite examples of the manwr 
in which flowers may be specially adapted in structure so as i> 
secure the advantages of croBS-fertilization by insect agency. 

If a number of plants of the common primrose, the oxlip, the eoi- 
Blip or the polyanthus (species of the genus Primula) be esamiMJ 
carefully, it will be seen that in each ease two quite differeni 
forms of flower occur. In other words the flower is ditnnrpbic. 
The two forms are known if 
gardeners as " pin-eyed " anJ 
"thrum-eyed" respectively. Inibt 
pin-eyed flowers (Fig. 180, Al Ibt 
style (g) is comparatively long and 
the stigma (n) appears as a munJ 
knob, like the head of a pin, in ik 
centre of the flower, at the entninft 
to the long tube formed by thf 
lower part of the corolla. ' TV 
anthers (a) lie much lower down in 
the tul)e, so that they are invisilifc 
until the flower is cut open. Inil»t 
thrum-eyed rtowerB(B)the positions 
of the stigma and anthers ore 
reversed; the style being mut-b 
''^''T*'«S»-"'"'omUu-'7'ov^^^^^^ shorter the stigma lies only hnli 
gistj-i..; k:.«iy,;n.;iiK;..«. ' Way up tho tube, while the anthtn. 
appear in the centre of the fluwer. 
in the iiioiith of the lube. The two kinds of flower nrr 
always found on separate plants, and the long-styleil and short- 
styled plants are said to occur in alxiiit equal inimlvers under 
natural ctinditions. The pollen grains also differ in the tw" 
kinds of flower, those of the thrinn-eyed being larger than th()st 
of the pin-eyed and of somewhat different shape. This particular 
kind of dimoiiihisni, which is sometimes known as heterostvlisiu. 
is extremely characteristic of the genus Primula, and it has 
recently Iteen shown that the distinguishing features <>/ the twn 
forms are inheritfsd in a Mendelian fashion. 

The flowers of the primulas are fertilize)! by the agencv of 
insects such as Inimble bees, and Darwin found that if insectii 
were carefully extUuled by covering the flowers with a net, little 




Fig. 180.- Heterostyled Flowers 
.if the Oxlip {/"rimfla rtatior) 
in loiigitiulinul nec(ioii. 
(FroinViueH'"Bot.inj-.'') 
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or no seed was produced. In order to reach the honey, which ia 
secreted at the hottoni of the long tube of the corolla, the hee 
thrusts its proboscis down the tube and in so doing brushes past 
the stigma and the anthers. If a pin-eyed flower be visited the 
pollen from the anthers is deposited comparatively low down-on 
the proboscis. It a thrum-eyed flower be visited the pollen is 
deposited much higher up, in accordance with the more elevated 
position of the anthers. Thus the bees carry about two different 
kinds of pollen on two different parts of the proboscis, a fact which 
has been established by microscopic examination of the proboscis 
itself with the attached pollen. 

If it be remembered that in the two different kinds of dower 
the relative positions of the anthers and stigma are reversed, it 
wilt l>e obvious that when a bee sucks honey from a long-styled 
flower the stigma will he touched and pollinated by that part of 
the proboscis which touches the anthers of a short-styled flower, 
and rlre rtrxd. Hence it follows that pin-eyed flowers will be 
fertilized by pollen from thrum-eyed, and thrum-eyed flowers by 
pollen from pin-eyed. 

Here, then, we have a very precise adaptation for a special kind 
ofcros8-fertilization,and Darwin further proved by his experiments 
that this is the only kind of fertilization which results in complete 
fertility. Cross-fertilization in these plants is, however, poHKible 
in no lews than four distinct ways : — (1) A pin-eyed flower may 
l>e fertilized by pollen from another pin-eyed ; ('2) a thrum-eyed 
flower may 1»6 fertilized by pollen from another thrum-eyed ; 
(S) a pin-eyed flower may tie fertilized by [lollen from a thrum- 
eyed ; (4) a thrum-eyed flower may be fertilized by pollen from 
a pin-eyed. The first two methods have been termed by Darwin 
" illegitimate unions " and they result in incomplete fertility ; the 
luHt two have l>een termed " legitimate " and result in compMe 
fertility. 

The l>onetit derived from the existence of the Itvo kinds of 
flriwer lies in the intercrossing, not merely of two distinct 
flowers, but of two distinct plants, for it will lie rememhere<I that 
etich plant bears only one kind of flower. Self-fertilization is 
not al>soluteIy prevented in this case, for the anthers and stigma 
are mature at the same time in the same flower, but it is not 
likely to take place, and if it does it results in incomplete fertility 
and weakly offspring. But even if {wllon should accidentally And 
its way to a Btigiua of its own yAani it need not necessarily 
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prevent cross-fertilization, for foreign pollen will l»e prepnten; 
even if deposited on the stigma some time afterwards. 

"To test this belief," Darwin observes, " I placed on several 
stigiuas of a !ong-styIed cowslip plenty of pollen from the same 
plUiit. and after twenty-four hours added some from e. shvn- 
styled d*rk-red polyanthus, which is a variety of the cowsli|L 
From the flowers thus treated, thirty seedlings were raised, aoii 
al) these, without exception, bore reddish flowers, so that ibc 
effect of poUeu from the same form, though placed on the stigm^' 
twenty-four hours pre- 
.5/' viously, was quite dtt- 

troyed by that of pnlltn 
from a plant belonging^ 
the other form," 
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The flowers of 
common sage. 
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other species of the genit 
Salvia (Fig. 181), afford, 
no less striking eiamplf 
of profound structural 
modification in adapu- 
tioD to the visits of insects. 
These flowers are pm- 
stamen? 
maturing and sheddinj: 
their pollen before llie 
stigma is ready to receivt 
it, so that self-fertiliza- 
tion is alisolutely prevented. Moreover, the stignia in voun; 
tlnwt'rs (Kit;- Itll, ((*■') lies in such a i>ofiition that it will not 
U' ihiu'IkiI liy visiliuf; insects, which crawl right under it in 
oiiii'v til ri'Hcli the honey at the Iwttoni of the corolla- tu lie. la 
oliliT tiowi'is the stylo elongates and curves downwards, so that 
till' stignia O'ig- It^l- .'''") comes to lie in the moulli of the 
iimtlla-liilHt anil must lie hrushed against by insects in search of 
luni.-y. 

Till' nuist remarkable feature of the flower, however, is a 
spiviiil meclianical coiitriviince for placing the pollen on the bmk 
of iiny insect which attempts to suck honey from it in its voung 
or iinih' fonditiiin. There are only two fully developed stamens. 
mill llu'sc lire most curiously modified in structure. Each anther 
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consists (18 usiiiil of two ftnther-lolws unite<l together by a con- 
nective ; hut the connective is very greatly elongiited, so that the 
anther-lol)es are widely separated from one another instead of 
lying close together at the top of tlie filament. The anther-lobe 
at one end of each connective is imperfect and produces httle or 
no pollen ; the other is fully developed. The connective is 
attached to the top of the very short filament by a movable Joint, 
so that it can be swung freely up and down in a vertical plane. 
It has a long limb which curves upwards inside the " helmet " of 
the corolla and terminates in the perfect anther-lobe, and a 
short one which hears the imperfect lobe, as shown in the figure. 
The two stamens lie side by side in the flower and the imperfect 
anther-lol^H are held downwards in the mouth of the coroUa- 
tulte, exactly in the path of a viititing insect. The perfect anther- 
IoIhss, on the other hand, are, at first, held up well above the 
level of the insect's back {Fig, 181, »('). 

When a large insect, such as a bee, visits the flower, it alights 
upon the large lower lip ((/), which, as in so many other flowers, 
affords a convenient platform and has doubtless l>een specially 
adapted to that end. The hetid of the insect is then thrust into the 
corolla-tube and pushes against the two imperfect anther-loltes. 
The connectives turn on their pivots Uke a aee-saw and the two 
ripe anther-lobes («(") are clapped down on the back of the insect 
and dust it with pollen. This happens when the insect visits a 
yonug flower. When an older Hower, in the female condition, is 
visited, the pollen from the back of the insect is deposited on the 
mature stigma (</'"), which now hangs directly in front of the 
entrance to the corolla-tulie. 

It is, however, in the highly specialized order Orchidaceie that 
We find perhaps the most remarkable contrivances for ensuring 
cross-fertili/jition that are to be met with in the vegetable 
kingdom. Many of these have lieen descrilwd and illustrated by 
Darwin in his well-known work on the " Fertilization of Orchids." 

In the common early orchis of Europe {OnhiB mamuJa, 
Fig. IH'2) there are three sepals and three petals, and both sepals 
and petals are brightly coloured. The lower pettil is very large and 
in front forms a tongue-like projection termed the lal)ellum ('), 
which serves as a landing platform, while behind it is produced 
backwards into a hollow spur or nectary (np, n) in which honey 
is secreted. The reproductive organs lie just above and {tartly 
in front of the entrance to the nectary, so that an insect, in 
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poking itB proboscis down to get at the honey, cannot fail to loacb 
theul. Both male and female organs are very much modified it 
structure, and united together to form the column (C), Then 
are three stigmas. Of these, however, only two (B, iia) »n 
functional, and they lie at the back of the entrance lo llie 
nectary. Tlie third is specially modified to form a remarkable 
organ known as the rostellnm (B, C, r), which projects above Hr 
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other two in front of the mouth of the nectary. This rostelluiii, 
or beak, coutsi-sts of an exceedingly sticky Ixidy covered over hv n 
thin, menibninoUH cap. The cap is so delientely adjusted that 
the slightest touch is sufficient to piisli it down and exi>nse the 
sticky mass beneath, and it is so elastic that when the pressuff 
is removed it springs back into its original position and again 
covers up the sticky substance, 

There is only one perfect anther, consititing of two sacs which 
stand up almve and behind the rostellum. Each sac contains a 
single coherent mass of pollen grains instead of the nsnal loo:^, 
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powdery pollen. Each mass o( pollen grains, or polHnium 
(fl' (', p), is >i pear-shaped body provided with a short stalk or 
caudicle. The stalk is continued downwards into the rostellum 
ns sliown in (', where it ends in a membranous disc attached 
to the sticky substance. When the pollen is ripe the pollinia are 
exposed by rupture of the sacs in which they lie, so that in the 
mature flower they are only attached by means of their stalks or 
caudicles, loosely fixed by the sticky substance of the rostellum. 

If we take any slender object, such as a pencil point, and poke 
it gently into the mouth of the nectary, we shall find on with- 
drawing it again that it will bring with it either one or both of 
the pollinia, attached to it by sticky cement. The pencil has, of 
course, touched the rostellum and pushed down the little cap 
which covers it. The sticky substance of the rostellum, thus 
exposed, has cemented on to the pencil the disc at the lower end 
of the caudicle, and thus the poUinium itself, or both of them, is 
pulled bodily out with the pencil. The cement rapidly hardens 
on exposure to the air. 

When first attached to the pencil the pollinium is in a nearly 
upright position (D), so that if the pencil were inserted into 
another flower it would simply go back into its old place, without 
touching the stigma and of course, therefore, without effecting 
fertilization. After being exposed to the air for a short time, 
however, the disc by which the pollinium is attached to the 
pencil begins to contract, and in such a manner that the polli- 
nium is pulled down until it comes to project straight forwards 
{E). If noip the pencil be inserted into a flower it will l)e found 
that the pollinium exactly strikes against one of the stigmas and 
dusts it with pollen. 

Id the economy of nature the proboscis of some insect takes the 
place of our experimental pencil. Bees and moths have fre- 
quently been observed with the pollinia of various species of 
Orchis attached to them ; indeed Darwin figures one instance in 
which no less than fourteen polliniu ore attached to the proboscis 
of a. moth. Every time such an insect visits a Hower in search 
of honey tt wilt effect cross-fertilization by pushing the pollinia 
which it brings with it against the stigmas, and may i)erhapH 
carry off another [>ollinium into the bargain. 

In this case one can hardly fail to l)e astonished at the number 
and complexity of the adaptations which have arisen in the 
flower for the purjKJse of ensuring cross-fertilization. There is 
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the conspicuous colour of the Bepals and petals, which serve* »■ 
an advertisement; the formation of the long spur or nectary, til. 
its secreted honey ; the great development of the Ial)elluui ii 
serve as a landing place, marked with the " honey-guide " Om 
to point out the way to the visitor ; the secretion of sticb 
cement hy the rostellum ; the formation of an elastic cap to ki^p 
the cement from being dried up before it is wanted ; the a^la- 
tination of the pollen into solid masses, which serve to ftrliliit 
a large nuni1)er of flowers in succession, toBing a few grains: t'. 
each c<»ntact ; the remarkable form of these pollinia, with tbeir 
ntlhesive discs and their pecuHar relation to the sticky suIiaUnA 
on the rostellum ; and, lastly, the wonderful mechanism by meuj 
of which the pollinia become bent downwards after their rem"Vil. 
80 as exactly to adjust them for contact with the stignia "I 
another Hower ! 

In some species of plants certain parts of the flower are bii'bK 
sensitive and res^mnd to the slightest touch by a sodden aoJ 
vigorous movement, going off, so to speak, like a Bpring trap or 
a hair trigger. This is well exemplified in a New Zealand orchil 
Pter-xti/Us triillifolia, as described by Mr. Cheeseman. In thi; 
flower the lower petal, or labellum, is highly sensitive, audwher 
an insect alights upon it springs up and imprisons the vhiw 
in a cage. The parts of the flower are so arranged that the 
insect eau only escape by crawling through a narrow passage, 
and in sucli a manner that it must carry away the pollioia and 
also leave on the stigma some of any pollen which it may chaiiu 
to bring with it. 

A still more remarkable orchid, Vatagetiiw, actually throws the 
pollinia at its insect visitors as soon as Ihey touch the flower, 
and the tiny projectiles attach themselves to the intruder's hea<l. 
l)arwin has described how, on one occasion, when he experi- 
mentally irritated this flower, the iwllinium was thrown tor a 
distance of nearly three feet, when it stuck on to a window 
pane. 

The presence of irritable structures which aid in cros.'=- 
tertilization by insect agency is, however, hy no means cuu&ne<l 
to orchids, Coinlnllra (Sfulidiinii) iiraminij'iilia is a common 
Australian wild flower Ixilonging to a totally different order, the 
C'andolleacere. It is found growing on open heaths and eemh 
up tall stems from the midst of a tuft of long, grass-like k-ave;'. 
each stem bearing a large niinilier of rather small pink Howers 
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aloiip; its length. There are five petals, but only four are fully 
developed, and these spread thetnselvee out in the form of a 
cross around the mouth of the tube in which the honey is 
secreted. The anthers and stigma are borne on the end of a 
long slender column which springs from the middle of the fiower. 
Close to its base the column is bent downwards at' a sharp angle 
BO that it hangs out at one side of the llower, between two of 
the fully developed petals and resting upon the alnrted petal as 
on a cushion. Near its apex the column is again bent at a sharp 
angle, this time upwards. The flowers are protandrous, the 
anthers becoming mature and shedding their pollen before the 
stigma is fully developed. 

An insect, visiting the flower and poking its proboscis down 
the tube of the corolla in search of honey, must touch the column 
at the first bend. This is the irritable spot, and no sooner is it 
touched than the column springs over to the other side of the 
flower and bringa the anthers or stigma, as the case may be, 
down on the back of its visitor. In this way jKiUen is deposited 
upon or removed from the insect's back and cross-fertilization is 
effected. One of the most curious things about this case is that 
the column loses its irritability at nightfall and refuses to jump, 
however much you may tickle it. 

The few examples of entomophilouB flowers which we have now 
studied must suffice to give some idea of how wonderfully minute 
and perfect may be the adaptation of plants to highly specialized 
environmental conditions. The dominating factor of the envi- 
ronment here is, of course, the presence of insects, which can l>e 
pressed into service as pollen carriers, and it is obviously in 
relation to the requirements and tastes of these insects that the 
various adaptations which we have been describing have arisen. 
There can Ije little doubt that the insects select for their visits 
those flowers which please them best and which are most readily 
recognizable as tlie bearers of the coveted honey. 

AUliough, as we have previously pointed out, some carrion- 
feeding flies prefer scents which are repulsive to ourselves, yet 
the vast majority of inscct-fertihzed flowers have scents and 
colours which we appreciate perhaps no less than the insects for 
whose gratification they primarily exist. As we shall see later on, 
these scents and colours, though now in many cases improved 
by human selection, doubtless arose in the first instance in 
response to insect selection. If we pursue this line of thought a 
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little further, there seems good reason to suspect that man, wk' 
appeared upon the scene at a verj much later date and whc<* 
ideas of wliat is lieautifu) ai'e douhtless largely derived from tbr 
contemplation of flowers, may owe much of his eesthetic develop- 
ment to the fact that he has been educated by tlower-loviuj; 
insects. 
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PART v.— FACTOKS OF ORGANIC EVOLUTION 
CHAPTER XXIV 

Views of BuffoD, EraHinus Darwiii and Lauinri^k. 

Wk Khali have occasion to point out in » subsoquent cliapter 
that iimny orgaiiimui^ exhibit cliaracterti nhicli it in extremely 
difticult, if not impossible, to bring into any direct relation- 
ship wilh the environment, but this tiict dues not invalidiite 
the generalization t)iat the most striking feature of all living 
things Ih adaptation to the conditions under which they have to 
carry on their existence. In seeking for an explanation of the 
means whereby organic evolution has been effected, this fact 
must constantly be borne in mind, and, as we have already said, 
no theory can be considered adequate which does not tiike 
fully into account the phenomena of adaptation, and offer some 
reasonable explanation of the wonderful harmony which exists 
l>etweGn living things and their surroundings. 

We have said before that the theory of organic evolution iu no 
new thing, hut can he traced back even to the ancient Greek 
pliilosophors. In the middle ages such ideas were thrust into 
the background, along with other fruits of Greek and Itoman 
intellectual activity, and to a large extent supplanted by the 
teachings of dogmatic theology. With the revival of scientitic 
inquiry, however, the theory of organic evolution, as opposed to 
the doctrine of special creation and the immutability of species, 
again began to occupy a prominent place in the minds of 
thinking men, and a brief consideralion of the views of some of 
tbe chief philosophical biologists of the last two centuries will 
jHtrbaps form the nmst tilting introduction to this |>art of our 
subject. 

The eclebratcii French naturalist, IJuffon (1707— 178H), who 
held the post of yujxirititendent of the Jardin dee I'lanti-s and, 
in conjunction with his colleagues, published a large number of 
volumes uf Natural History, was one of those who bad at any 
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rate strong leanings towards the theory of organic evolution, 
although, unfortunately, he seems to have found it very difficult 
to give a frank expressioii to hie views. The following trans- 
lated extracts will serve to illustrate his position. 

Hpeaking of the arbitrary character of our systems of classili- 
cation he oteerves : — 

" But Nature proceeds by unrecognized gradations and con- 
sequently she cannot lend herself completely to these divigioiu. 
since she passes from one species to another species, and often 
from one genus to another genus, by imperceptible shades: m 
that we find a great number of intermediate species and objects 
which we do not know where to place, and which necessariW 
upset the plan of the general system." ^ 

I^ufTon certainly appears in this passage aa no believnr in the 
immutability of species, and amongst the causes which bring 
about their modification he attributes great importance to the 
action of climate: — 

" If we again consider each species in different climatee, we 
shall find obvious varieties both as regards size and form ; all 
are influenced more or less strongly by the climate. These 
changes only take place slowly and imperceptibly ; the great 
workman of Nature is Time: he walks always with even strides, 
uniform and rejjular, he does nothing by leaps ; but by degrees, 
by gradations, by succession, he does everything ; and these 
changes, at first imperceptible, little by little become evident, 
and express themselves at length in results about which we 
cannot be mistaken."^ 

In dealing with the animals of the old and the new worlds, and 
after speaking of the extinction of the mammoth, he saya :— 

" This species was certainly the foremost, the largest and the 
strongest of all the quadrupeds : inasmuch as it has disappeared, 
how many other smaller ones, weaker and less remarkable, have 
had to succumb also, without having left us either witness or 
evidence of their past existence? How many other species, having 
become modified in their nature, that is to say, perfected or 
degraded by the great vicissitudes of land and sea, by the neglect 
or the culture of Nature, by the long influence of a climate 
become contrary or favourable, are no lunger the same that they 
formerly were ".' And. moreover, the quadrupeds are, next to 
man, the beings whose nature is the most fixed and whose form 
is the most constant : that of the birds and of the fishes varies 

' Kuff.,11. ■■ fiiMnire N.iUir^lIo," T.mi. I. ii. 13. 
> />,.. rir.. To«i. VI. ,.[.. fi!., .iO. 
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more ; that ot the insects still more, and if we descend to the 
plants, which we must not exclude from animated nature, we 
shall lie surprised at the promptitude with which the species 
vary, and at the facility with which they change their nature 
while taking on new forms. 

" It would not he impossihle then, that, even without reversing 
the order of Nature, all these animals of the new world may have 
been originally the same as those of the old, from which they 
may have "been formerly derived ; one might say that having 
been separated subsequently by immense seas or impassable 
lands, tbey would, in the course of time, have received all the 
impressions, sufTered all the effects, of a climate itself altered in 
character by the samC causes which brought about the separa- 
tion; that in consequence they would in time have become 
dwarfed, changed thwir nature, Ac. But that should not prevent 
us from regarding them to-day as aiiinmlH of different species: 
whatever may l>e the cause of this diffurence, whether it has been 
produced by time, climate and country, or whether it lie of the 
same date as the creation, it is none tlie less real. Nature, I 
admit, is in a continual state of Hux ; but it is enough for man 
to seize her as she is in his own time, and to glance backwards 
and forwards in endeavouring to gain some glimpse of what she 
may have been in former times and of what she may become in 
the future," ' 

This passage also seems to he a sufficiently clear declaration 
in favour of the theory of organic evolution and the action of 
the environment in modifying species. Buffon, however, by no 
means confined himself to the consideration of climate as a 
factor in the production of such modifications. The following 
ipiotaLion shows that bo also realized the importance of the 
principles of use and disuse and the inheritance of acquired 
characters, which were destined to take such a prominent place 
in the aub»ei|uent writings of Lamarck: — 

"The llama, which, like the camel, passes its life in hearing 
burdens and only rests by lying down upon its breast, has similar 
calliisilies which are perpetuated in the same way by generation. 
The baboons and the apes, whose most usual attitude, whether 
awake or nsh^ep, is sitting, have also callosities })eneath the region 
of the huttiicks, lUiiI this callcms Hkiii bus nvcn become adherent 
to till! lioiuM against which it is cnnlintially presscil by tlm weight 
(if (Ik: hiidy ; but these callosities nf the luklNHUis and apes are dry 
aii<l hcallhy, Uicause they do not arise from tho (xmstnvint of 
tnimmels or of the weight of a foreign burden, and l>uc)iuse they 

1 Oi>.nt./\\<n,. i.\, iij.. laii, la:. 
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are merely the effects of the natural habits of the animal, wbich 
remains seated more willingly and for a longer time than iii bdt 
other posture : it is the same with these callosities of the apes a: 
with the double sole of skin which we carry beneath our twi; 
this sole is a natural callosity which our constant habit of walking 
or resting upright renders more or less thick, or more or W 
hard, according to the amount of friction to which the solta «i 
our feet are exposed," ' 

It has been maintained that Buffon not only anticipated 
Lamarck's views as to the influence of the environment and ihc 
principle of use and disuse, but also those of Maltbus and 
Charles Darwin with regard to the ImportfTtice of the struggle for 
existence and the process of natural selection. That some snch 
ideas were present in his mind seems sufficiently clear from iht 
following passages. After speaking of the invasions of the HuDi 
and Goths and other peoples he continues : — 

" These great events, those conspicuous epochs in the historvnl 
the human race, are, however, only trifling vicissitudes inibe 
ordinary course of living nature ; it is in general always ctmetaut. 
always the same ; its movement, always regular, turns on twn 
fixed pivots, the one the unlimited fecundity given to all specie?, 
the other the innumerable obstacles which reduce the product of 
this fecundity to a iixed iiuantity and at all times leave oak 
api)roximatL'ly the same numlier of individuals in each species."** 

" The causes of destruction, of annihilation and sterility follow 
imnieiliiitely uptm those of excessive multiplication ; and, inde- 
pwidently of ctrntiigion, the necessary consequence of too great 
an accumulation of any living matter in one place, there are io 
each species special causes of death and destruction, which we 
shall indicate in the seijuel and which alone suffice to compensiiie 
for Die excess of former generations." ^ 

■■ The leiiHt perfect species, the most delicate, the most heavily 
burdened, the least active, the least well armed, Ac, have alreadV 

disappeared or will disappear," * 

Even if, on the strength of this last passage, however, we can 
claim that BiifTou had conceived the idea of the 8ur\-ivai of the 
I III,. ,ii., Tiiiii. XIV, [.1.. :i2.'., S2t;. 

■■' /W., i". :i.-.l.' 

> I iiniiKhii): iliif |hi<siiL:i-. wliit-h llmvi-nnt fiximlin the nntrinaL from iiiiuuiaiiiii 
flivcii liy (IsIhtm ill liin iiitrrtBl inv' wiirk ■■ Kn>in llio Grotks (o Darwin " (ChIuihIfu 
l"iii\fi>iiy lli(.l.yk-iil S.Tii.s). Tlir «tu.lL-iil slumlil rcfiT tu this work for t)ie liiiU.'rj 
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fittest, the mere question of priority is a matter of small moment. 
As a matter of fact it is now well known that this idea is very 
much older than BufiFon, and can be traced back, as Osbom 
remarks, " to Einpedocles, six centuries before Christ." ^ 
Osbom also points out that : — 

" Buffon's ideas regarding the physical basis of heredity are 
very similar to those of Bemocritus, and certainly contain the 
basis of the conception of the Pangenesis theory of Barwin, for 
he supposes that the elements of the germ-cells were gathered 
from all parts of the Ixidy."' 

So far we have presented the views of Buffon as those 
of a thoroughgoing evolutionist. He had, however, apparently 
another aide to his mind, which is extremely difficult to under- 
stand in the author of the foregoing passages. In the fourth 
volume of his Natural History, after discussing the possible 
modification of species, he continues : — 

"But no, it is certain, by revelation, that all animals have 
participated equally in the grace of creation, that the two first 
of each species and of all the species came forth complete from 
the hands of the Creator; and we must believe that they were 
then much the same as they are now represented to us by their 
descendants."" 

The doctrine of special creation could hardly be more clearly 
expressed. 

Of course it is possible, as Samuel Butler suggests in his 
interesting discussion of Buffon in " Evolution Old and New," 
that such passages as this may be ironical, hut it seems more 
likely that Buffon vacillated between what was then regarded as 
religious orthodoxy and the more rational views which he knew 
BO well how to express. Indeed, Butler himself remarks, iipropog 
of another passage : — 

"This is Buffon'a way. Whenever lie has shown us clearly 
what we ought to think, he stops short suddenly on religious 
grounds." * 

' O/.. cU., p. 117. 

" n,id., p. i:t.i. 

'' ■■ llibioire Naturel1e."Tom. IV, p. 383. 

• "Kvolution Ot<l auA New" (New Iwue, UaAoa, A.k C. Filiebl), p. 115. Tliii 
work cuntuiDi nuiiieroiiB paiHagvB tnuiKUted fniin Kiiffnn an<l Laman-k, and 1 
haVu fnuiul it of (rrent use lui a (;uidu tu tliu iiiciru xatk-Dt |iBH8a(Ki' in tliu vuluminout 
irrilingH <i[ tbe (iirnier. 1 have, liuwever, in all cami uiailu freah Imiuitatioua from 
thu h'n-nch. 

B. B B 
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jicf a ? -jxijilir; *} tteoaeSe the logical conseqaences of his 
i<r3. jiiiii-t:ms '^Ja. hi: retigioas ccmrictions Is perhaps novbcT^ 
XKSfT ill-£fw:ta>i£ ziai ia the atdtnde which he adopted villi 
:v.rir-I 5 ire 7>;»3a:c of mAn in ihe animal kingdom, Soch aa 
■!!^I»:{^Jt:^na^ :o«iinw :^ fct was could not fail to realize ihe cW 
MT^aueEic -Ji smxsx fa«cween man and the higher apes : — 

• T^ jaa^ i«. -j:. -xji hias-wr ot the orang ntan that, were « W 
7it~ ir^Hicuii mlj «] *he EofTB. we might eqoallj well look npsn 
n^ i:Tinr i u riisiwr *:< sn* higfa^t of the apes or as the Io»«l 
-t iiit.TrTii : -:*!eusi>. with the exeepdoD of the soul, be Ucb 
3. ciisig :i ill -±1^ vi pwws^ aod becaaae he differs less Ipm 
aiikj ;i \-^y icunsarif uian he differs from other anini&U to 
Tfiziii :i«i najatf ;c u« has been given." ' 

; Moiiz ihas. if 00= shooM jodge only hv form, the ape spetiH 
:ii:_rj: ":* ^ic J:r i ririrtr of the haman species : the GreaWr 
i->i ^c£ r^rr'i i: so =:akif 6>r the human body a model absolutek 
iift^t:; tr.cL zsaz ot :hc animal : He has included his form, lik« 
:2;i; -c &;. :i:i>e ^Timntis. in one general plan ; bnt at the same 
u-^t iziis zii ■.-«;si-w«i opoo him this ape-like material form. He 
' I KidT with His divine breath."* 



V:.-: i^t:, oc ir.« C!Ih<^r hand, is a mere animal, and 

■ :;: *^i:<e o: h:s r>e:$iemblanc« to man, br from being the seeooJ 
■,■-• .-cr sixv;':*. b-; U uot th« first in the order of animals, since 

i'~7r<:- ^"4:; iv •.'.o doab: ihAt the views of Erasmus Darwin 
:T:>1 '■•<>; w*n: :.tri;tl\- iutliieuceJ bvthe writings of Buffon, lo 
•a';;', - r-;.,i:cd'.>- rtftrs. l>arwiii's "Zoouomia" waspublisbed 
;;•. 1?;'4,' I .::. i-tfr:;,«'? btvauj* it was msinly a medical work, it 
r*v*;u-.! V::: .i::;e .i::tutioii fivm professional uaturnlists. The 
>i\-;u-:; >u.i i'.ij: wi:h •• lieiieralion " contains his views on evolu- 
:: :\ A ;V« .;«■,':»: tons will suffice to illustrate these: — 

" iK*;i;i; to the iuipiTftvtioii of hui^uiige the offspring is tertiieJ 
^ ■,■ .■ ;i'uiti:tl, I'lU i? in truth a branch or elongation of the 
[virm; : sitiiv ;i (>;iit of the eiu brum- animal is, or was, & jiart of 
iht partni : ami therefore in strict language it cannot be siiid to 

■■ - H ■•■ rr N.itiir(-::c. ■ T-tu. XIV. ,,. :l... Till.- niini.' ■■■nng man " was ai.i.h.'.l 



I by It. IluBtlalu at Dublin 
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be entirely new at the time of its production ; and therefore it 
may retain some of the habits of the parent-system." 

Here we have clearly expressed the idea o( continuity which 
plays stich an important part in modern theories of heredity. 
Erasmus Darwin was, however, a " Spermatist," that is to say 
he believed 

" that the embryon is produced solely by the male, and that the 
female supplies it with a proper nidus, with sustenance, and 
with oxygenation ; and that the idea of the semen of the male 
constituting only a stimulus to the egg of the female, exciting it 
into life, (as held by some philosophers) has no support from 
experiment or analogy." 

It must be remembered that he wrote in the days before the 
cell theory had shed its illuminating rays over the science of 
embryology : — 

"I conceive," says he, " the primordium, or rudiment of the 
embryon, as secreted from the blood of the parent, to consist of a 
simple tilament as a muscular fibre," 

but this filament was not necessarily thread-like in form, for 
he adds : — 

" I suppose this living filament, of whatever form it may be, 
whether sphere, cube, or cylinder, to be endued with the capability 
of being excited into action by certain kinds of stimulus." 

It thus absorbs nutriment and becomes organized by "accre- 
tion of parts," and this leads to the development of new kinds 
of " irritability." According to this view the appearance of a 
new organ precedes its use : — 

" the lungs must be previously formed before their exertions to 
obtain fresh air can exist." 

"From hence I conclude, that with the acquisition of new 
parts, new sensations, and new desires, as well as new powers, are 
produced ; and this by accretion to the old ones, and not by 
distention of them." 

But the exercise of these new powers in turn gives rise to the 
development of more new parts, which 

" are formed by the irritations and sensations, and consequent 
exertions of the parts previously existing, and to which the new 
parts are to be attached." 

" From this account of reproduction it appears, that all animals 
have a similar origin, viz. from a suigle living filament ; and 
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thai the aifferenee of their lorma and qualities has arisen r.n;i 
from the (ilifferent irritabilities and sensibilities, or volnntarine 
or asaociabilities, of thia original iivinR filament ; and perhaps li 
»c.rae defiree from the different forms of the particles of the rioid' 
W which it has been at first atimnlated into activity " 



•• From their first rudiment, or primordium, to the teniiiu- 
UAn of their lives, all animals undergo perpetual transformali-ia-: 
whifh are in part produced bj their own exertions in conseoiTeow 
.•>'. dwir desares and avereionB, of their pleasarea and their Mir:^. 
.ir c>; irriuiuons, or of associations ; and many of these acquire 
i.-imi* .ir propensities are transmitted to their posterity." 

T^r. I'Urwin thus passes from the discussion of what is noi 
(ornw.^ the ontogeny or development of the individual to that 'I 
ih, iihTJojK-r.T or development of the race. From consideratiiK 
.->; ii)( i.-ciner he endeavoured to gain some insight into the Ui:h. 
fcDfl ;t Tcay W fairly claimed that he thus anticipated what i; 
t.Ti.-«T. ;r ni.\)«n) hioU^ as the Recapitulation Hypothesis;— 

)>,-fiv. ihns meditating on the great similarity of the strut- 

ii:Y ,^; iht wsrm-hlooded animals, and at the same time of the 

i:\-f,i .-^>ifcr.*s* ihey undei^ both before and after their nativitv: 

*.■'.■ S Ainsi^erinj; in how minute a portion of time manvof 

'v .'Ssr^w c-i animals above described have been produced: 

1- .. ■.. ;: ;v t-v ^.^ld l<» imagine, that in the great length of time. 

*. Av .\ f.<,;t>. In>j3in lo exist, perhaps millions of age« before 

'■( .\. '.-.■•rtr.nni .if the history of mankind, would it be iw 

'«.>, ;-■ r.-sc -,??<■., ihai all warm-blooded animals have arisen from 

,"'. ■ * v ^:sv.;l:;^s which the gr«it First Cause endued with ani- 

■ - ,> • . • s'^.t ivwfr of acquiring new parts, attended with 

.. ■« .-.v.v vi-i-x. .'.-rjvi^^J by irritations, sensations, volition.- 

. .. ^«.v .i..-,."s ; a;^] li-.us jxtssessing the faculty of continuing 

. .-, -, .* u*.^*:! inherent activity, and of delivering down 

■-W, ■.ivxv-..<ris ly iWiiennion to its posterity, world withon: 

V -«v » ;>*:w,r. was jH'rfectly familiar with the idea of 
- !..:vt ■,% s* •■,*:; if,isl»\i, for example, in the colours of 

■■■. .xs.-.v^ -■; ;-.i,tny animals seem adapted to their purpoeei 

• ■ -.v" ;,< »■•<■■"«•■*>■* either to avoid danger, or to spring uwii 

'• ->vi V>.i;s ihe Mtake tuid wild cat, and leopard, are so 

. -' - \^' «. I,' •v\v,i--l>l,^ dark loaves and their lighter interstice^ : 

. .;. s,^. ;.„• \:.f ivloiir of the brown ground, or the green 
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hedges, which they frequent; and motha and butterflies are 
coloured like the flowers which they rob of their honey." 

" A proboscis of admirable structure has been acquired by the 
bee, the moth, and the hamming bird, for the purpose of 
plundering the nectaries of flowers. All which seem to have 
been formed by the original living filament, excited into action 
by the necessities of the creatures, which possess them, and on 
which their existence depends." 

In the following sentences we have at any rate a very close 
approach to the idea of natural selection which forms the key- 
note of the evolutionary theory as advocated by the illustrious 
grandson of the writer : — 

" A great want of one part of the animal world has consisted 
in the desire of the exclusive possession of the females ; and these 
have acquired weapons to combat each other for this purpose. . , . 
So the horns of the stag are sharp to offend his adversary, but 
are branched for the purpose of parrying or receiving the thrusts 
of horns Himilar to his own, and have therefore been formed for 
the purpnsti of combating other stags for the exchisive posses- 
sion of the females ; who are observed, like the ladies in the 
times of chivalry, to attend the car of the victor." 

" The final cause of this contest amongst the males seems to be, 
that the strongest and most active animal should propagate the 
species, which should thence become improved." 

Here the principle of selection seems to he clearly enough 
recognized, at any rale that form thereof which Charles Darwin 
afterwards distinguished as sexual selection. 



The great French philosophical biologist,' Jean Baptiste 
Pierre Antoiue de Monet, Chevalier de Lamarck, was born in 
1744 and died in 1829. His most celebrated work, the 
" I'hiloHopbie Zoologique," which contains the fullest expression 
of his mature views on the theory of organic evolution, was 
puhlishe<l in 1809, but these views appear to have been first 
announced to the world in the opening lecture of the Courso of 
Zoology given at the Natural History Museum in Paris in 1800, 

the lurm KioUigy fi,r Ihi; Sciviite of Liviiit' 
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fcTC TfliM;>hft1 in the foUowing year in the form of & prefacr ;: 
irw ■• >yiii,-n*> des Animaas sans Vertebras." * 

■-I «<»Mn& impossible to doabt that Lamarck, like Eri-nji;- 
TKirwir.. Tftf liirpelT influenced in his views by the wriiinp:^ f 
J;i> Ofifti ft^mitttriot Bufton, with whom he was on Um^ .'. 
i^-rson*; frirTidship. and to whom he refers in his publL-iito 
VTc'i.. WlKiher or not he was acquainted with the work? : 
V.Tusnn* IWwin will probably never be known, but it Ls enin- 
: lis; biih 3:** jwn at any rate of their inspiration fr"in lU 
s«ii>. # .KT-ftfc. Owinp iio^h to his official position ns Profrs^t 
r >«-(^7K-hTW. 2>x.li^ in the National Museum, Lamaa-k m- 
.,'... I- rriru: i.^rwaiMl a veiy iniposing array of facts in su|.|*.t: 
.-.: ;> .■.TiiTii.vriiv. «iid ihougii these opinions were but the naiiin! 
.i.v.>t ««n*r,! :f. :>K>M enunciated by his predecessors, he was ul'^ 
! J.f«.« tb« iSft->rr c-i OTpanic evolution on a much firmer ani 
'.- u-i,.- >ite,i^ ihar. it had previously enjoyed. He also donbllc. 
.i.- • -iV ^*: »^r»r.ta#>' fix^m the fact that he was an exiierieiift^l 
!iv,.r !^; «i ♦■,.;; fcs a 7.x»U^t. having published many importsM 
■.!!..■ .,< v.irV*- M.1TV he lamed his attention more particuliirli 

•\ 7 \-ii y-Kw" iij.T>e>rt of biology. 

' i^ ;:•.' .%T-:i«- jwi of his life Lamarck appears to hitvt 

«.v .w: .■'. <::: iwx-sWw doctrine as to the immutability ot 

..-■-.-.-v. ,,■.: : is ivrhaps significant that his conversion i- 

. .(. --i»v *>r.-.? t,' have followed very rnpidiv upon tlir 

. V > ,vxv«ij»iions from the \'«getab]e to the anim^il 

? .>^,v;,;.- ;^xM.ipique" he maintains that the hw 

..^ ■ -^ ":> s r"''<^'««'fsi»'^nt'»»e<"is generation, wliidi 

^i ■.*--.. An,: ;h,^l from ihe starting ixjints thus i>r- 

■.V ,•. v.. sr.,ivt^table kingdoms as tliey now exis! 

V -.. ; . ->.::i :'. ,^^.^orly and progressive evoluti-m. 

- V .,. i ( y.- s-v..-;-.r.i of space to the question of cla^siIi■ 

V .•.-.vv::sV- ,'*s)>.vit>*. ami arrives at the foIlowill^' 

V ^ « . *v! .".■,::> -nhole.insingularlycloseagreemetjt 

- ■ ■■ -^ .- ■ aIs-:-- >;.\,v:sis:— 

- ..^ , tv^ :.A;;.;;s,.t which severalhavel>een so Itaiiiiilr 
-, V V ■.,■••;!.*>, .i::d iho diWsions and Hub-diWsi<>nV 
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which they present, are entirely nrtificial contrivances. Nothing 
of till thtit, I repent, occurs in nature, in spite of the foundation 
which appears to be given to them by certain portions of the 
natural series which are known to us, and which have the 
appearance of ))eing isolated. We may be certain that amongst 
her productions, nature has really formed neither classes, nor 
orders, nor families, nor genera, nor constant species, but only 
individuals which succeed one another and which resemble 
those which produced them. Now these individuals belong to 
infinitely diversiliecl races, which shade off under all forms and 
in all degrees of organization, and each of which maintains 
itself without change so long as no cause of change acts 
ujwn it." ' 



" The name upecien has been given to every collection of 
similar individuals which have been produced by other individuals 
like themselves. 

"This definition is exact; for every individual that enjoys 
life always resembles very closely that or those from which it 
sprang. But to this definition has been added the supposition 
that the individuals which make up a si)ecies never vary in 
their specific character, and that consequently the xpecies has 
an ftlifloUite constancy in nature. 

" It is exactly this supposition that I propose to combat, 
because the clear evidence obtained by observation shews that 
it is unfounded. 

" The supposition, almost universally admitted, that living 
iKidies form xpei-ie* constantly distinguished by invariable 
characters, and that the existence of these species is au old as 
that of nature herself, was established at a time when obser- 
vations were insufficient, and when the natural sciences were 
still almost non-existent. It is always contradicted in the eyes 
of those who have seen much, who have for a long time followed 
nature, and who have profitably consulted the great and rich 
collections of our Mtim-iim"^ 

After speaking of the doctrine of Bi>ecial creation Lamarck 
continues: — 

"Without doubt, nothing exists except by the will of the 
sublime Author of all things. But can we assign to Him laws 
in the execution of His will, and fix the method which He lias 
followed in this respect? Has not His infinite jwwer Iwen able 
to create an wdrr »/' thimjit wiiicli should give existence 

I, t<|>. 2\, 22. 
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Buccessively to everything that we see, as to everything whiih 
flsiBts and which ib unknown to us? 

" Assuredly, whatever may have been His will, the immensitr 
of Hia power is always the same ; and in whatever manner this 
supreme will may have been executed, nothing can diminish 
its grandeur."' 

Lamarck seems to have been the first to insist upon the 
branching character of evolutionary series ; after speaking 
of such series he goes on : — 

" I do not wish to say thereby that existing animals form & 
very simple series, everywhere equally graduated ; bnt I b«v 
that they form a branching series, irregularly graduated, and 
which has no discontinuity in its parts, or which, at least, hu 
nrtt always had, if it be true that, in consequence of some species 
having been lost, such discontinuity occurs anywhere. It 
results from this that the species which terminate each branch 
o[ the general series are connected, at least on one side, with 
other neighbouring species which shade into them."' 

Like Buffon, he lays great stress upon the action of the 
environment in modifying organisms : — 

" Many facts teach us that in proportion as the individnals of 
one of our species change their situation, their climate, their 
manner of living or their habits, they thereby receive influences 
which little by little change the consistency and the proportions 
of their parts, their form, their faculties, even their organization ; 
so that everything in them participates, in the course of time, in 
the transfon nations which they experience. 

" In the same climate, very different situations and exposures 
at first cause the individuals exposed thereto simply to varr; 
but. in the course of time, the continual difference in situation of 
the individuals of which I am speaking, which live and reproduce 
themselves successively in the same circumslances, causes in 
them differences which become, in some way, essential to their 
existence ; so that, after many generations have succeeded one 
another, these individuals, which belonged originally to another 
KpcriiK, find themselves in the end transformed into a new speritx. 
distinct from the other. 

" For example, it the seeds of a grass, or of any other plant 
natural to a damp meadow, be transported by any chance, first 
to the slope of a neighbouring htll, where the soil, although more 
elevati-d. is still sufticiently cool to permit of the plant main- 
taining itself, and if afterwards, after having lived there and 

' O)!. fii.. 'I'.iin. I, p]i. :■(•. :,7. 
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reproduced itself many times, it reaches, by slow degrees, the 
dry and almost arid soil of a mountainous region ; if the plant 
succeeds in living there, and perpetuates itself for a succession 
of genertitioiiB, it will then become so changed that the botanists 
who come across it will make of it a distinct species." '■ 

As Lamarck's views have so frequently been misrepresented it 
is incumbent upon us to make ourselves thoroughly acquainted 
with what he really meant by the action of the environment, and 
on thiB point, fortunately, he is very precise : — 

" Here it becomes necessary for me to explain the meaning 
which I attach to these expressions : Tlif fmirotivu-Ht {les 
ciiriiimlanrrs) iiijiiieiirrx thi'/orin ami orgaiiimti'm of animals, or 
in other words, aa it becomes very different it changes, in course 
of time, the form and organization themselves by proportional 
modifications. 

" Certainly, if people took these expressions literally they 
would attribute to me ah error ; for, whatever the environment 
may be, it does not directly effect any modification whatever in 
the form and organization of animals. 

" But great changes in the environment lead, in the case of 
animals, to great changes in their requirements (besoins), and 
such changes in their requirements lead necessarily to actions. 
Now, if the new requirements become constant or very lasting, 
the animals then adopt new habits, which are as lasting as the 
requirements which have called them forth. . . . 

" Now, if a novel environment, having become permanent tor 
a race of animals, has given to these animals new hahiti, or in 
other words has led them to new actions which have become 
habitual, there will have resulted therefrom the use of some 
particular part [of the body] in preference to some other, and in 
certain cases the complete disuse of some part which has become 



" None of these statements should be considered as hypo- 
thetical or as the expression of individual opinion ; they are, on 
the contrary, truths which need only attention and the observa- 
tion of facts to render Iheni evident. 

" We shall see immediately, by the citation of known facts 
which attest it, on the one hand that new requirements linving 
made some piirt necessary, have really, by a Keriew of efforts, 
caused this part to arise, and that afterwards its continued 
employment has little by little strengthened it, developed it, and 
in the end considerably enlarged it ; on the other hand, we shall 
see that, in certain cases, the novel environment and new 
retiuirements having rendered some part quite useless, the 
' Oji, fit.. Turn. [, ])]■. fia, 6.1. 



Digitized byGoOgle 



habits properly so-called, great changes iu tlie em 
none the less led to great differences in the develi 
parts; in such a way that these differences have 
of them to appear and develop, while they liavi 
others to dwindle away and disappear. But hen 
effected by changes which take place in the ti 
plant, in its ahsorptions and transpirations, in 
heat, light, air and moisture, which it then habi 
finally, in the superiority which certain of th 
movements may acquire over others."' 

Like his predecessors, and like those who 
Lamarck adduces in support of these views ( 
modifications which have taken place in animi 
under the influence ot domestication : — 

" That which nature does with the aid of mi 
, every day bj' suddenly changing, in relation to so: 
the conditions under which it and all the individua 
have existed. 

" All iKitaniats know that the plants which they 
their native place in order to cultivate them in ga 
little by little, changes which, in the end, make th< 
able. , . . 

"Is not the cultivated wheat (Triticum aat 
brought by man to the condition in which we ni 
it '? Who will tell me in what country Buch 
naturally, that is to say except as the result of its 
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environment and of the use and disuse of organs upon plants 
and animals living in a state of nature : — 

" The Eollowing fact proves, with regard to plants, how much 
the alteration oE any important factor in the environment 
modifies the parts of these living bodies. 

" 80 long as llatitnicnlaH aquatUin is sunk beneath the surface 
of the water, its leaves are all Jinely divided and have their 
divisions hair-like ; but when the stems of this plant reach the 
surface of the water, the leaves which develop in the air 
become broadened, rounded and simply lobed. If some runners 
of the same plant succeed in pushing their way into a soil which 
is merely damp, without being inundated, their stems are then 
short, and none of their leaves are divided into hair-like 
segments ; thus arises Hamuicuhia hederacem, which botanists 
regard as a species when they come across it." ' 

" With regard to habits, it is curious to observe the result 
thereof in the remarkable form and in the stature of the giraffe 
{C'(nni-lii-j>(irihilis): we know that this animal, the tallest of the 
mammals, inhaltits the interior of Africa, and that it lives in 
places where the earth, almost always arid and without herbage, 
obliges it to browse on the foliage of trees and to make con- 
tinual efforts to reach it. As a result of this habit, maintained 
for a long time in all the individuals of its race, the fore limbs 
have become much longer than the hind ones, and the neck has 
become so much elongated that the giraffe, without standing 
up on its bind legs, raises its head and reaches a height of 
six metres (nearly twenty feet)."" 

The following passage must suffice to give some idea of 
Lamarck's views on the inheritance of " acquired " characters, 
which his theory necessarily implies, though not in the 
exaggerated sense of some modern writers : — 

" These familiar facts are surely well suited to prove what is 
the result of the habitual use by animals of some particukir 
or^an or part ; and if, when we observe, in un animal, an organ 
specially developed, strong and powerful, anyone pretends that 
its habitual exercise has caused it to gain nothing, that its 
continued disuse would cause it to lose nothing, and that, in 
short, this organ has always been as it is since the creation of 
the si>ocies to which the animal lielongs, 1 would ask why our 
donioKtic duc-ks can no longer fly like wild ducks ; in a word, I 
would cite a multitude of examples relative to ourselves, which 
bear witneES to the differences which result in our own Iwdies 

' Op., -it., w I.p.2:M.. 
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from tlie exercise or the want of exercise of any of our ofx^'- 
although these differencea are not maintained in the iudividuaL- 
of the next generation, for then their results would be mucii 
more considerable. 

" I ahall show in the second part that when the will determinH 
an animal to some action, the organs which have to execute this 
action are forthwith stimulated by the affluence of subtle Hiii^ 
(the nervous fluid) which become the determining cause of tiir 
movements which the action in question requires. A multitude 
of observations establishes this fact, which should no longer l« 
cnlled in question. 

"It results therefrom that numerous repetitions of these ac.^ 
of organization strengthen, extend, develop and even crtatc 
the organs which are needed. It is only necessary to oWrrc 
attentively what is happening everywhere in this respect M 
convince oneself of the actuality of this cause of orgaDie 
development and modification. 

" Now, every change acquired in an organ hy a habit of uh 
sufficient to have produced it, is maintained afterwariie k 
generation, if it is common to the individuals which have unit&l 
in the act of fecundation for the reproduction of their species. 
In short, this modification is propagated, and thus passes to sH 
the individuals which follow and which are subjected to ibe 
same environment, without their being obliged to acquire it It 
the means which really created it. 

" The mingling in reproductive unions, however, between 
individuals which have different qualities or forms, is necessarilv 
opposed to the constant propagation of those qualities and fonui. 
This is the reason why in man, who is subjected to so manv 
different modifying circumstances, the accidental qualities or 
. defects which he has chanced to acquire are not preserved and 
propagated by generation. If, when any peculiarities of form or 
any defects have been acquired, two individuals in this condition 
should always unite, they would reproduce the same peculiaritie!'. 
and successive generations confining themselves to similar 
unions, a special and distinct race would then be formed. Bui 
the perpetual mingling between individuals which have not the 
same peculiarities of form causes all peculiarities acquired as the 
result of peculiar circumstances of the environment to disapi>ear. 
^Vlience one may be certain that if human beings were not 
separated by the distances of their habitations, the mixed breed- 
in<; would cause the general characters which distinguish the 
different nations to disappear."' 

In the light of modern knowledge these views on the subject 
of heredity are, of course, crude and inaccurate enough, but thvre 

' Oi>. ril., Tom. 1, ii[i. ir.S— 262. 
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is nothing absurd in them, and at tlie time when Lamarck wrote 
it would scarcely hfive been possible to formulate anything 
better. 

It is, however, this asaumptioo of the inheritance of somato- 
genic characters that has probably done more than anything else 
to prevent many modern biologists from accepting the so-called 
Lamarckian factors of evolution. Those who hold with Weis- 
mann that there is no possible mechanism by which a somato- 
genic character can be converted into a blastogenic one are 
forced to reject Lamarck's teaching, hut the Weismannian 
assumption that there is no such possibility of inheritance of 
somatogenic characters rests upon no better foundation than the 
Lamarckian assumption that there is. We have dealt with this 
question at some length in an earlier chapter and need only now 
remember that, it there are many modern biologists who reject 
the Lamarckian factors because they cannot reconcile them with 
Weismannism, there are probably quite as many others who 
accept them because they appeal irresistibly to their common 
sense, and because they refuse to believe that Weismann's 
dilBculties are really insurmountable. 

It is, of course, easy to ridicule Lamarck's views, and to say, 
for example, that be maintained that an animal could develop 
an organ by simply wishing for it, and ridicule of this kind has 
undoubtedly done much to binder the due appreciation of his 
work. Such statements, however, are only made by those who 
have never paid adequate attention to the writings of the great 
French biologist. 

It is evident from the passage last quoted that Lamarck also 
did not fail tn perceive the importance of isolation as a factor in 
organic evolution, necessary to prevent the swampii) effects of 
intercrossing upon newly arisen species or varieties. 

In another place he discusses the influence of the struggle for 
emtence Id counteracting the effects of excessive multiplication, 
and in so doing just misses the idea of Natural Selection : 

" Animals eat one another, except those which live only upon 
plants ; but the latter are liable to be devoured by carnivores. 

" Wc know that it is the stronger and the better armed which 
eat tlie weaker, and that the large species devour the smaller 
ones. Nevertheless the individuals of one and the some raco 
rarely oat each other ; they make war on other races." * 
» Op. eii., Tom. I, p. 9S. 
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Lamarck Bumiued up hie views as to the fiictors nliich li.:- 
co-operated in organic evolntion, at any rate so far as the ai:;^. 
kingdom is concerned, in a later work, the " Histoire Na'.uir.r 
des Animaux sans Vertebres," puUliRhed in 1815, in the E'ttl : 
four " LawH," which may be taken as replacing the two "Lw-" 
of tho " Philosophie Zoologique." They are as follows :— 

" First Law : Life, by -her own forces, tends continualk v 
increase the volume of every body which possesses it. and -^ 
extend the dimensions of m parts, up to a limit which m 



" Second Law : The production of a new organ in an animi 
lH)dy results from a new requirement which continues bj inai; 
itself felt, and from a new movement which this requiremeo: I 
K'gets and maintains."^ 

•■ Third Law : The development and eflSciency of organ* irt 
constantly in proportion to the use of these organs."^ 

"Fourth Law: All that has been acquired, traced out or 
alteml in the organization of individuals during the courstol 
thoir life, is preserved by generation, and transmitted to ilw 
new individuals which originate from those which have 
experienced those modihcations."* 

With roRnrtl to the position of man in the animal kingdom 
liiiiiiiir(.'k, unfortunately, does not seem to have been able. aiiT 
more than BufTon, to divest himself of the fetters of relioioii' 
iirlbodoxy. After pointing out at length the numerous ties Iv 
wbii'h man, in his bodily organization, is united to the Kiwtr 
iinimiils. and especially bis close relationship to the ai>ei, \it 
fi)\YCA binist'lf, so to speak, in the following paragraph ; 

" Such would lie the reflections which one might make if mau, 
conpiiiored here as the pre-eminent race in question, were onh 
disiingiiiahed from the animals by the characters of hi: 
orgtini/.ation, and if his origin were not different from theirs."^ 

' Verlibrcs,'' Turn. I. I(il5 ., !,,-> 
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CHAPTER XXV 

Bubert Chnmbers and tho " Vestigos o( Creation "— Natural Selection— 
Tho Views of Charles Darwin and Alfred BuBsel Wallace. 

Foit half a ceutury after the appearance of the " Fbilosophie 
Zoologiquo " tlie theory of organic evolution made but little 
progress. The gap, however, was to some extent filled by the 
publication, at first anonymously, of Robert Chambers' celebrated 
book, "Vestiges of the Natural History of Creation." This work 
first appeared in the year 1844 and rapidly passed through a large 
number of editions. Though the views of its author can hardly 
be said to mark any advance, but on the whole perhaps rather a 
retrogression, the work, which gave rise to much controversy, 
undoubtedly played a very important part in preparing the way 
for the reception of Charles Darwin's " Origin of Hpecies." 
Cham))ers presented the evidence of organic evolution in a very 
convincing manner, laying great stress upon that afforded by 
the geological record and the facts of comparative anatomy and 
embryology, and he included mankind in his general scheme of 
evolution. 

His views as to the modus operaiirH of organic evolution are 
probably expressed as clearly as such views could be in the 
following paragraphs : — 

"The proposition determined on after much consideration is, 
that the several series of animated beings, from the simplest and 
oldest up to the highest and most recent, are, under the providence 
of God, the reBaita.Jimt, of an impulse which has been imparted 
to the forms of life, advancing them, in definite times, by genera- 
tion, through grades of organization terminating in the highest 
dicotyledons and vertebrata, these grades being few in number, 
and generally marked by intervals of organic character which 
we find to be a practical difficulty in ascertaining affinities ; 
si-i-oixf, of another impulse connected with the vital forces, 
tending, in the course of generations, to modify organic strncturea 
in accordance with external circumstances, as food, the nature 
of the habitat and the meteoric agencies, these being the 
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" Adaptations " oE the natural theologiaD. We ma; cooirx; 
these phenomena as ordained to take place in every ?i[ai:i 
and at every time, where and when the requisite mateml.- 
conditions are presented — in other orbs as well as iu ih;-- 
any geographical area of this globe which may at any -i; 
arise— ohserving only the variations due to difrtrctiti: <: 
materials and of conditions."' 

" For the history, then, ol organic nature, I embrace, not if . 
proved fact, hut as a rational interpretation of thiug^i a^f^v 
science has revealed them, the idea of Progressive Develo[iii:t:: 
We contemplate the simplest and most primitive tjjjes yf U:~ 
ae giving, under a law to which that of like-production is co- 
ordinate, birth to a type Buperior to it in compositenes:- : 
organization and endowment of faculties; this a^ain prodik::. 
the next higher, and bo on to the highest. We contemiiUir. i- 
short, a universal geetation of nature, analogous to that of it: 
individual being; and attended as little by circumstance? ' 
a startling or miraculous kind, as the silent advance of t: 
ordinary mother from one week to another of her pregnaitL-j 
We see but the chronicle of one or two great areas, within vbio: 
the development has reached the highest forms. In some olbrr^ 
as Australia and the islands of the Pacific, development a|)peir- 
to have not yet passed through the whole of its stages, becaaj^- 
owing to the comparatively late uprise of the land, the tem^trii! 
portion of the development was there commenced more rectntlj- 
It would commence and proceed in any new appropriate area. '^i 
this or any other sphere, exactly as it commenced u])on nur artu 
in the time of the earliest foBsiliferous rocks, whichever liit^ 
are. Nay, it perhaps starts every hour with common infusioD<- 
and ill similar bumble theatres, and might there proceed thri>i:;;b 
all Uie subsei^uent stages, granting suitable space iind comlition-- 
'I'buH simple — after ages of marvelling — appears Orj?*"''" 
Croiition, while yet the whole phenomena are, in another pi;; 
of viow, wonders of the highest kind, being the uudoul;ted r»-?iil'.^ 
of ordiniincca argiiing the highest attributes of foresight, flii' 
and goodness on the part of their Divine Author." * 

rn>gnissivi' evolution is here clearly attributed to some inhereii: 
ton.loncy iinplnnloil in the liret living things, and apimrenlly Uif 
writer iuiiifjines that iho sanio or closely similar results may 
bavi' I von mrivod at MfWg niiuiy different lines of evolution. taiL 
ooniuu'n.Mn}i M adistiiu-t silurtingltoint andatadiflfereiit time ami 

I ■\,-vii..v.,ii \:.- \ai„M! II •;,'i\ .^T Cn«t»iii," f.'ilnii.. 1K8*, pp. i<01. KG. 
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place from all the otherB. The author of this hypothesis evidently 
considers it a distinct improvement upon the views of Lamarck, 
which he very briefly diseusBeB. He thinks that Lamarck attributes 
too much importance to the principle of use and disuse, which he 
regards as " obviously insufScient to account for the great grades 
of organization," though he admits that external conditions may 
have been " a means of producing the exterior characters." 
There can he little doubt, however, that, in relying upon a system 
of more or less definite and continuously 0|)6rating natural 
causes as factors of organic evolution, Lamarck took up a far 
more Hcientilic position than liohert Chambers. 



In insisting u^wn the great imimrtance of Natural Selection as 
a factor in organic evolution, Charles Darwin and Alfred Russel 
Wallace made a great advance uj>on the ]>OBition of any of their 
preiiecessors. 

We have seen in the last chapter that this principle had been 
hinted at by more than one writer about the close of the eighteenth 
and the commencement of the nineteenth centuries, and that it 
can even be traced back to the philosophy of ancient Greece. In 
the historical sketch which prefaces the later editions of the 
" Origin of Species," Charles Darwin himself quotes a translation 
from Aristotle which shows sulficiently clearly that the idea was 
faniihar to the great Greek biologist. In the same sketch he 
also ({uotes a passage fiom Or. W. C Wells, from a paiwr read 
before the Itoyal Society in 1813, in which the same principle is 
recognii!e<l in the most explicit and unmistakable manner. 

It was not, however, until the year 185K that the part played 
by natural selection in organic evolution began to l>e gene- 
rally undf^rstood. In that year Sir Charles Lyell and Dr. J. D. 
Hooker communicated to the Linnean Society certain pajwrs,' 
written by Darwin and Wallace, which at once called prominent 
attention to the importance of this factor and contained the 
essential parts of the theory of natural selection as subsequently 
developed by Iwlli these writers. 

Darwin's pa]>er consisted of an extract from his as yet 
unpublished work, together n^th an al>Btract of a letter to 

' TliL'sc |>a|>cri' liave bL-cn reprinliil liy lliu I.iiincan Sncictj in Ilie voliimu pub- 
liilitil in 'I'liiiii-iiiiii Willi tlii- Darwin -Witliiuc rvlebroti.iri liilii on J11I7 l>t. VMS, 
wkI It JH trom tlilH vuluuiv tluil iliu i|uuiuliutis wliiub full'iw uru tkbvii. 
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Professor Asa Gray. A few quotations will suffice to iDdict 
his views : — 

" De Candolle, in an eloquent passage, lias declared that n! 
nature is at war, one organism with another, or with exttrui 
nature. ... It is the doctrine of Malthus applied in mca 
cases with tenfold force. . . . Even slow-breefling manlui 
lias doubled in twenty-five ye&rs ; and if he could increase b^ 
food with greater ease, he would doable in less time. Bat U 
animals without artificial means, the amount of food for tm 
species must, i-n an average, he constant, whereas the increawJ 
all organisms tends to be geometrical, and in a vast majoritv A 
cases at an enormous ratio. Suppose in a cerlain -spot tbn 
are eight pairs of birds, and that only four pairs of ihtt 
annually (including double hatches) rear only four younjj. iN 
that these go on rearing tlieir young at the same rate, therd 
the end of seven years (a short life, excluding violent deaths. U 
any bird* there will !» 2048 l»irdB, instead of the original siit«r. 
As this increase is quite im[)Ossible, we mu»t conclude eiilic: 
that birds do not rear nearly half their young, or tbat tLt 
averiige life of a bird is, from accident, not nearly seven vesi>. 
Both checks probablj' concur. The same kind of calcii'l&tiMi 
npplii'd to all plants and animals affords results more or In? 
striking, but in very few instances more striking than in Qiao.' 



"Lighten any check in the least degree, and the geomelrii^ 
powers of increase in every organism will almost in^tatniv 
increase the average number of the favoured species. . . ■ 
Finally, let it he borne in mind that this average numlier cf 
individuals (the external conditions remaining the same) in e.-ich 
country is kept up by recurrent struggles against other s[>e<-ir- 
or against cxterniil nature (as on the Iwrders of Ihe Aritir 
regions, where the cold checks life), and that ordinarily each 
individual of every species holds its place, cither bv its n«:i 
struggle and capacity of acijuiring nourishment in soi'tie mHoI 
of its life, from the egg upwards; or by the struggle of ii* 
parents (in short-lived organisms, when the main check occurs 
at longer intervals) with other individuals of the samv or t/i/f<i.i" 
species. 

" But let the external conditions of a country alter. If iu a 
sniall degree, the relative proportions of the inhabitants will in 
most cases simply W slightly changed ; but let the inmilier of 
inhabitants be small, as on an island, and free access to it freiu 
other countries be circumscribed, and let the change of c-onditiuu:: 
continue progres.'ting (forming new stations), in such a case the 
orighial inhabitants must cease to I>e as perfectly adapted to the 
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changed conditions as -they were originally. It has been shown 
in a former part of this work, that such changes of esternal 
conditions would, from their acting on the reproductive system, 
probably cause the organization of those beings which were 
most affected to become, as under domestication, plastic. Now, 
can it be doubted, from the struggle each individual has to obtain 
aabsistence, that any minute variation in structure, habits, or 
instincts, adapting that individual letter to the new conditions, 
would tell upon its vigour and health ? In the struggle it would 
have a better chance of surviving; and those of its ofTspriug 
which inherited the variation, l>e it ever so slight, would also 
have a better chance. Yearly more are bred than can survive ; 
the smallest grain in the lulance, in the long run, must tell on 
which death shall fall, and which shall survive. Let this work 
of selection on the one hand, aud death on the other, go on for 
a thousand generations, who will pretend to affirm that it would 
produce no effect, when we remember what, in a few years, 
Bakewell elTected in cattle, and Western in sheep, by this identioil 
principle of selection ? " 

" In nature we have some ulitjlit variation occasionally in all 
parts; and I think it can )>e shewn that changed conditions of 
existence is the main cause of the child not exactly resembling 
its parents ; and in nature geology shews uh what changeH have 
taken place, and are taking place. We have almost uidiniited 
time ; " 

" Another principle, which may be called the principle of diver- 
gence, plays, I believe, an important part in the origin of species. 
The same spot will supi>ort more life if occupied by very diverse 
forniH. We see this in the many generic forms in a square yard 
of turf, and in the plants or insects on any little uniform istet, 
Ixiloaging almost invariably to as many gtmera and families 
as species, . . . Now, every organic being, by proimgating so 
rapidly, may 1* said to be striving its utmost to increase in 
numbers. So it will l»e with the offspring of any species after it 
has lieconte diversifle^l into varieties, or HuItsiK'cies, or true 
siMtcies. And it follows, I think, from the foregoing facts, that 
the varying offspring of each si^cies will try (only few will 
Hueceed) to seize on as many and as diverse places in the 
economy of nature as jiosHihle. Kach new variety or s[>ecieB, 
whtm formed, will generally take the place of, and thus exter- 
minate its less well-fitted parent. This I l)elieve to be the origin 
of the classification and aflinitiesof organic beings at all times ; 
for organic l>eings always nccm to branch and sub-branch like 
the limbs of a tree from a common trunk, the nourishing and 
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of Iho educated niiblic. It mnst not be fori 
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» indefinitely from the Original Type." The following quotations 
■I will serve to show that his views on Natural Selection were closely 
jf' Bimilar to those of Charles Darwin. 

r "The life of wild aniniHls is a struggle for existence. The 
;' full exertion of all their laoulties and all their energies is 
required to preserve their own existence and provide for that of 
their infant olTspring. The posaihility of procuring food during 
I the least favourable seasons, and of escaping the attacks of their 
< most dangorous enemies, are the primary conditions which 
I determine the existence both of individuals and of entire 
I species." 

" Even the least prolific of animals would increase rapidly if 
unchecked, whereas it is evident that the animal population of 
the globe must be stationary, or perhaps, through the influence 
of man, decreasing. Fluctuations there may he ; but permanent 
increase, except in restricted localities, is almost impossible. 
For example, our own observation must convince us that birds 
do not go on increasing every year in a geometrical ratio, as 
they would do, were there not some powerful check to their 
natural incriwiHts. Very few birds produce less than two young 
ones each year, while many have six, eight, or ten ; four will 
certainly be below the average ; and if we suppose that each pair 
produce young only four times in their life, that will also be below 
the average, supposing them not to die either by violence or want 
of fofxi. Yet at this rate how tremendous would be the increase 
in a few years from » single pair ! A sim^ile calculation will 
show that in fifteen years each pair of birds would have increased 
to nearly ten millions ! Whereas we have no reason to believe 
that the number of the birds of any country increases at all in 
fifteen or in one hundred and fifty years. With such powers of 
increase the population muHt have reached its limits, and have 
become stationary, in a very few years after the origin of each 
species. It is evident, therefore, that each year an immense 
number of birds must perish — as many in tact as are l)orn. , . . 
It is, as we commenced by remarking, ' a struggle for existence,' 
in which the weakest and least perfectly organiiied must always 
succumb. 

" Now it is clear that what takes place among the individuals 
of a si)ecies must also occur among the several allied species of 
a group, — viz., that those which are best adapted to obtain a 
regular supply of food, and to defend tliemselves against the 
attitcks of their enemies and the vicissitudes of the seasons, must 
necessarily obtain and preserve a superiority in population ; 
while thosespecieswhich from somedefect of power or organization 
are the least capable of counteracting the vicissitudes of food 
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> a state of nnture, and from the undisputed fact that varieties do 
fretiuently occur." 

It will be evident from the above eketcli ot the tlieory of 
. Natunil Selection, which I have thought it desirable to give in 
' the actual words of its chief exponents, that adaptation is 
explained as the logical consequence of certain facts which can 
at any time be verilied by direct observation. (1) All 
organisms tend tu increase in a, high geometrical ratio ; (2) there 
is, partly as a direct result of such increase, a keen struggle for 
existence, to which all organisms are more or less exposed and in 
which vast numl)ers )>erish without leaving offspring; (3) all 
organisms tend to vary in many directions; (4) variations, 
whether favourable or otherwiiie, tend to lie transmitted by 
heredity from generation to generation ; though, as we have 
already seen, there is at the present time much dispute as to 
whether variations of a certain kind ought not tu l>e excluded 
from this generalization. 

It follows inevitably from these premisses that in every genera- 
tion there will I>e a more or less slrongly pronounced tendency 
towards the elimination of those individuals which are least well 
a<Iapted to their environment and a corresponding preservation 
and encouragement of those which are best adapted, or, in 
HerlHjrt Spencer's celebrated phrase, a " survival of the fittest." 
This process, continued from generation to generation for count- 
less ages, has resulted in that marvellous perfection of adaptation 
which we have seen to be such a striking feature of both plants 
and animals. 

Charles Darwin himself, however, was not satisfied with natural 
selection as the sole factor concerned in bringing altuut pro- 
gressive evolution and adaptation. Although, in the historical 
Kket«h which lie acided tu the later editions of the " Origin of 
Siiecies," ho remarks; — 

" It is curious liow largely my grandfather, Dr. Erasmus 
J)arwin, anticipated the views and erroneous grounds of opinion 
of Lamarck in his ' Zoonomia,' " 

and although he himself at first apiH^ars tu have attached very 
little importance to Lamarck's upinions, yet we find in the last 
chapter of the sixth edition of the "Origin of Si)ecies " abundant 
evidence that he was obliged to admit the efficacy of the chief 
"Lamarckian" factor, the principle of use and disuse, in 



Digitized byGoOgle 



892 OUTLINES OF EVOLUTIONARY BIOLOGY 

modifying species, and also, to some extent, that of the direct 
action of the environment : — 

" DisuBe, aided sometimes by natural Belection, will often have 
reduced organs when rendered useless under changed liahits or 
conditions of life; and we can understand on this view the 
meaning of rudimentary organs.* But disuse and selection will 
generally act on each creature, when it has come to maturity 
and has to piny its full part in the struggle for existence, and 
will thus have Uttle power on Hn organ during early lite ; hence 
the organ will not he reduced or rendered rudimentary at this 
early age. The calf, for instance, has inherited teeth, which 
never cut through the gums of the upper jaw, from an early pro- 
genitor having well-developed teeth ; and we may Imlieve, that 
the teeth in the mature animal were formerly reduced by disuse, 
owing to the tongue and palate, or lips, having become 
excellently fitted through natural selection to browse without their 
aid ; whereas in the calf, the teeth have been left unaffected, and 
on the principle <if inheritance at corresponding ages have )>een 
inherited from a remote pericwl to the present day." * 

" I have now recapitulated the facts and considerations which 
have thoroughly convinced me that species have been modified, 
during a long course of descent. This has been effected chiefly 
through the natural selection of numerous successive, slight, 
favourable variations ; aided in an important manner by the 
inherited efTects of the use and disuse of parts ; and in an 
unimportant manner, that is in relation to adaptive structures, 
whether imst or present, by the direct action of e.\ternHl condi- 
tions, and by variations which seem to us in our ignorance to 
arise spontaneously. It appears that I formerly underrate<l the 
frequency and value of these latter fonns of variation, as leading 
to [lennanent modifications of structure inde|>endenlly of natural 
selection. But as my conclusions have lately l^een much mis- 
represeiittid, and it hits lieen stated that I attribute the modifica- 
tion of species exclusively t{> natural selection, I may be permitted 
to remark that in the first edition of this work, and subsequently, 
I placed in a most conspicutms position — namely, at the close of 
the Introduction — the following w()rds : ' I am convinced that 
natural selection has l>oen the main hut not the exclusive means 
of modification.' This has lieen of no avail. Great is the 
power of steady misrepresentation ; but the history of science 
shows that fortunately this power does not long endure."'' 
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It ifl of the grenteet intereet to recognize the fact that Dnrwin 
himself saw nothing hicomptitihle between the ao-cAl)ed 
Laniarckian factors of use and disuse and the direct action of 
the environment, and the principle of natural selection, hut, on 
the other hand, that the one set of factors might supplement the 
other. 

On the occasion of the unveiling of the statue of Charles 
Darwin in the Natural History Museum at South Kensington, 
ProfeSHor HuJtley found occasion to observe that " science 
commits suicide when it adopts a creed."' This warning, it is 
tu be feared, has not been heeded by all of Darwin's followers, 
ifany of these have departed very far from the moderate and 
rational position of tlieir leader and, while attributing to natural 
selection almost every advance which has been made in the 
evolution of tlie organic world, are, as we have already seen, 
obliged to justify their neglect of the " Lamavckian " factors by 
denying altogether the possibility of the inheritance of acquired 
characters, whicli Darwin, of course, freely admitted. Natural 
selection, in the hands of these enthusiasts, and in spite of 
Charles J>arwin'6 efforts to maintain a just balance between this 
and other factors, has indeed become a creed. 

Dr. Wallace from the first adopted an uncompromising 
attitude towards the opinions of Lamarck. In the Linnean 
Society paper from which we have already ijuoted he »iys : — 

"The hypothesis of Lamarck — that progressive changes in 
species have I)een produced by the attempts of animals to increase 
the deveh>pment of their own organs, and thus modify their 
structure and Imbits — has iieen riipeat«dly and easily refuted by all 
writers on the subject of varieticH and species, and it seems to have 
been considered that when this was done the whole question has 
been finally settled ; but the view here develo^ied renders such 
an hypothesis quite unneces»iry, by shewing that similar results 
must be produced by the action of principles constantly at work 
in nature. The {Kiwerful retractile talons of the falcon- and the 
cat-tribes have not l>cen produced or increased by the volition 
of those animals;' but among the different varieties which 
occurred in the earlier and less highly organiited forms of these 
groups, tli'im! iil)vaij» mirviied liiniifnt nliiih hint tin- iiiratent /arilitiei 
fur geiziiiij their pyiii" 

I Viilr H(Tl)crl S|>.wer"!i " FiiuMr^ iif Or^-nnir Bvulniiun," y. 7.'>. 
cLiwH uii ii)iiiniiirju(i; •H;caAiotia hikI Dial coiiittniilly rc(<iaitv(l usu cbuhu» tbuiu lo 
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Wallace's views ' also differ from those of Darwin in that, at 
auy rate iii later years, they have become strongly anthropo- 
centric. aud be now regards the whole of the organic world as 
banng been desired by the Creator for the ultimate reception 
and benefit of mankind. He does not, it is true, go back to the 
old idea that specie; have been separately and specially creal«I 
as we now tind them, but he holds that the entire scheme of 
evolution was planned out in the mind of the Creator, and' even 
suggests that the working out of this scheme may have been 
delegated by the Supreme Being to a body of "organizing 
spirits" : — 

"At sacoessive stages of development of tbe life-world, more 
and i»erhai>s higher intelligences might be required to direct the 
main lines of variatiou in definite directions in accordance with 
the general design to be worked out, and to guard against a 
break in the particulur line which alone could lead ultimately to 
the production of the human form." ' 

Such speiMilations as this would render natural selection and 
all other natural factors of organic evolution superfluous, but we 
caiHiot protitiibly discuss tliem in a work like the present. We 
niity ]K)iiit out, however, that they are in essential agreement with 
the views of the author o( the " Vestiges of Creation," to which 
we have referred in the early part of this chapter, excepting that 
liolH>rt ChumlHTs did not venture to call in the assistance of 
sul>ordinati> "' organizing spirits " to carry out the plans of tbe 
(.'lejUor, 

' K..I :. tiill ,v|-.iiiu>ii of ili.-s.- vUnii III.- n:iil,T -liouki refer lo l>r. W'aiUce's 
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Seloctiun nut confined tti the oi^iiic world -IllustratiuiiH of the aulioii of 
iiiilural nelectiun in the struggle for czietence Degeneration Flight- 
IcKH birds — I'JxteruJ illation of the Morioria - IJedentary aDiniiiLt— Para- 
sites — Co-o]«ration of natural seleutiuD and the so-cnlled i^ninnrukiun 
factors of evolution The influence of iotemul aecretioiiB upon (;rowth 
— Increase in size beyond the limits of utility. 

The principle of selection is, of course, by no means confined 
to living thinjrs. The various bodies whicli make up the 
inorganic world owe their actual form and arrangement largely 
to proeeBseBof selection nhicli are constantly going on amongst 
them. The outline of the sea coast is the result of the selective 
action of atmospheric and tidal agencies upon the different kinds 
of rock of which it is composed. The softer parts are destroyed 
first, leaving the more resistant portions to stand out in the form 
of bluffs or promontories, and to illustrate in the inanimate 
world the principle of the survival of the fittest. We might even 
say that the prominent headlands exhibit adaptation, for if they 
were not adapted by their peculiar hardness to resist the dis- 
integrating influences of the environment they would not l)e 
there, but would have perished with those portioDS of the land 
which formerly occupied the bays and hilets. 

All tilings, in short, must be subject to the selective action of 
their environment, and we need not hesitate to attribute to 
natural selection a very large share in the modelling of the 
features of the organic world as we now see it. We know what 
we ourselves, by our so-called artificial selection, are able to do 
in this way. The chief difference between artificial and natural 
selection is that man selects for his own pur]X)ses and modifies 
organisms to suit his own ends, while Nature selects to the l>enefit 
of the Hpecies operated upon, which becomes thereby modified to 
its own advantage and preservation in the struggle for existence. 
13iit we cannot really draw a distinction lietween the two kinds 
of selection, for even in a state of nature organisms are often 
selected and modified to the advantage of other organisms. 
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As we saw in a previous chapter, the forms, colours and scents 
of many flowers are probably the result of unconscious selection 
l)y insects, extending over countless generations. It uiaj be said 
- that the advantage gained in this case is mutual ; the insect gets 
the honey and the flower gets fertilized. This of course is tme, 
but exactly the same is true of human selection. The sheep gets 
the pasture and man gets the wool. 

It seems impossible to explain on any other hypothesis than 
that of the natural selection and gradual accumulation of chance, 
favourable variations, those marvellous adaptations of animals 
which lead to protective resemblance and mimicry, for altbougli 
we may admit that an organ which is actively employed may be 
modified by the efforts of an animal to maintain itself by tbe 
use of that organ, we can hardly extend the same principle to 
such passive features as colour and ornamentation, or the oat- 
growth of leaf-like dermal appendages and so forth. It may lie 
questioned if, even with the aid of natural selection, we can fully 
account for all the wonderful phenomena of mimicry, for why, if 
it be an advantage to some species to adopt a common warning 
colour and band themselves together in synaposematic groups, 
should it l>e desirable tor others to do just the reverse and spltt 
up into a number of differently coloured forms, each of which 
mimics some particular model ? We can only say that we do 
not know all the factors of the enviroinnent, and that until we do 
our inability to koIvo the problem cannot !« justly considered as 
an argument against the efficacy of natural selection. 

It is, of course, extremely diHicult, if not impossible, to obtain 
direct evidence of the action of natural selection in modifying 
specieti in a state of nature. Human life is all too brief to 
luhuit of our making very satisfactory observations concerning 
pi'ocesses which extend perhaps over millions of years, Man 
has, however, in a coniparatively short space of time, so changed 
the conditions of life for many of the lower animals as to lead, 
albeit unintentionally, to the more or less complete extermina- 
tion of many species, and by studying these cases we may ho^w 
to arrive at sound conclusions as to what takes place in a sUite of 
nature. After all, mankind is a part of nature and we have no 
just reason for excluding his inlUience in our consideration of 
the factors which have brought about the present condition of 
the organic world. 

It is well known that many of the birds of various remote 
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islands have lont tbe power of flight. Such are the kiwi, the 
kak&po, the weka, the notornis and the already extinct gigantic 
moas of New Zealand ; the dodo of Mauritius, and the solitaire 
of Rodriguez. Although belonging to several very distinct 
families of birds, including ratites, parrots, rails and pigeons, all 
thfl forms enumerated have undergone the same curious modifi- 
cation, resulting in the most extreme cases (the moas) in the 
complete loss of the winga, and in others in the reduction of those 
organs to a more or less vestigial condition.' 

This convergence is clearly due to the similarity of the con- 
ditions under which these birds have had to live. One of the 
most characteristic features of oceanic islands is the ahsenee 
from them of predaceous mararaala, the natural enemies of birds, 
which have never been able to cross the great stretches of open 
ocean wbieli separate such islands from the continental areas on 
which the Mammalia have been evolved. Birds, however, and 
even land birds, by virtue of their [towers of flight, have been 
able to reach these islands at more or less frequent intervals 
and to establish themselves there. Finding abundance of food, 
which they could obtain near the ground, and finding themselves 
no longer under the necessity of constantly using their wings in 
order to escape from their enemies, some of these birds, though 
by no means all, gradually gave up flying and their wings under- 
went a slow process of degeneration in accordance with Lamarck's 
principle of disuse. No doubt such disuse, if continued only 
through a single lifetime, could scarcely produce a visible elTect 
u)K)n the next generation, but continued under the same con- 
ditions throughout thousands of generations it has brought al>out 
a permanent deterioration which can no longer !« retrieved. 

It is to be noted that this degeneration is the result of the 
renioviil of the organism, ton certain cstent, from the struggle 
for existence. Natural selection can only act through the struggle 
for existence and upon those organs which are of value in the 
struggle. When the struggle ceases, natural selection ceases and 
degeneration soIh in, for there is no longer any reason why a 
high standard of i>erfection should Iw maintained. All degrees of 
imi>erfection now have equal opportunities of propagating them- 
selves. The inferior individuals are no longer weeded out, and 
the average condition of the sjtecies conseiiuentl; deteriorateb. 

lint observe what happens when a degenerate organism is 
< Coiii|Mir.'Uli]tl>lcr XVII. Vi^. III. 112. 
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once more exposed, by some unfortunate change in its enviiOD- 
ment, to the old struggle from which it had escaped. This has 
actually taken place in the case of the flightless birds of Xev 
Zealand and other remote islands. With the advent of Earo- 
peaus, predaceous mammals of many species — -dogs, cats, iste, 
weasels, stoats and ferrets — have been let loose upon their 
helpless victims. These are once more exposed to a keen 
struggle for existence, white at the same time they have lost 
those very organs which are necessary to enable them to maintain 
themselves in that struggle, and natural selection, having 
regained her power, is rapidly exterminating them. It is not 
too much to say that in a few years' time there will 1« no 
flightless birds left in New Zealand except in special reser\'es 
where they are l>eing protected hy man. 

It is highly instructive in this connection to contrast the con- 
dition of such a l)ird as the flightless parrot, or kakapo, with that 
of its relative the kea. The kakapo is a large, heavy bird of 
nocturnal habits and with practically no means of defence; it 
haunts the dense forest and is rarely seen except when hunted 
out by dogs. The kea, on the contrary, is one of the strongest 
fliers of the parrot tribe. It frequents high and more or less 
inaccessible mountain regions and since the advent of Euroi>eans 
has learnt to make use of the sheep which they have introduced 
as an lul'liliotml food supply. It is doubtful whether the utmost 
efforts of the sheep tnnners, who aummlly expend large sums of 
money for the purpose, will ever enable them to exterunnate the 
kea, and it is enually doubtful whether the efforts of the New 
Zealand (iovcrnniunt to preserve the unique flightless birds will 
Huflico 1(1 prcvtiut the complete extermination of the kakapo 
within the next f(tw years. 

Tlie aljoriginal hunum population of remote islands has of 
cimrse sulli'red not less than tbe lower animals from the in- 
vasion of llieir retieftls by Eiiroi^eans, although not always 
exclusively at the hands of the Europeans themselves. There 
ar<', ]>erhaps, few more striking examples of the extermination of 
a primitive native race than that afforded by tbe rapid disap- 
pearance oE tbe Moriori inhabitants of the Chatham Islands, 
eotue four hundred miles to the east of New Zealand, during the 
nin<;l<;enth century.' At the time of my visit to these islands, in 
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January, 1901, tliere were only about a dozen pure-blooded indi- 
vi<luals left ; some of these were of great age, while the youngest 
was a lad of about 16, and they had all, I think, more or less 
completely adopted Euroi>ean manners and customs. I'nder 
these circumstances we are fortunate in possessing any reliable 
record of this interesting people, and that we do so is largely 
due to the energy and enthusiasm of Mr. Alexander 8hand, who 
for more than thirty years lived amongst the Morioris and 
made a special study Ixitli of that race and of their Maori 
conquerors. 

It appears from their language, customs and traditions, as 
well as from their physical characteristics, that the Morioris are 
closely related to the New Zealand Maoris. Their ignorance of 
the art of tattooing, and their very inferior artistic faculties in 
general, however, point to a very remote separation of the two 

Like the Maoris they trace their origin to an unknown father- 
land called Hawaiki, from which they must have emigrated to 
Chatham Island in canoes. In their new home they appear to 
have found the conditions of lite remarkably easy, indeed, as the 
sequel shows, fatally so. With an abundant natural food supply 
of fruit, shell-tish, &c., and with no enemies to contend with, 
they multiplied until the islands were thickly populated, while 
at the same time they doubtless Iiecame lazy and etTeminate. 

The discovery of the islands by the brig "Chalhani," in 1790, 
may be said to have sealel the fate of the unfortunate Moriori, 
though it is doubtful whether any serious injury ensued until 
the a<lvent of the whaling and sealing vessels in 16'26. These 
vessels brought with them many undesirable visitors, and prob- 
ably were the means of introducing a disease which soon played 
)mvi>c with the native race. On board some of the ships, moreover, 
were Maoris from New Zealand, who, on their return, painted 
such a glowing picture of the land of plenty, that a large niimlier 
of their fellow-cuinilrymen determined to emigrate to the islands 

In order to effect this purpose they took possession of the brig 
"Rodney" at I'ort Nicholson, in New Zealand, about the 
iMjginning of Novemlier, 1835. They are said to have seized the 
crew and com]>elled the captain to transjiort them, al)OUt *.K>0 in 
numl>er, to their destination. At the time of the invasion the 
Morioris are supposed to have numbered about 'iUOO, and had they 
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attacked the new-comers on their first arrival, they might have 
exterminated theoi with Httle trouble and prolonged for an 
indefinite period the life of their own race. Unfortuaately for 
themselves, however, they had lost the art of self-defence. Oviog 
to the absence of competition they had, in this respect at any 
rate, undergone degeneration. Killing was actually forbidden 
by their laws, and peace had reigned too long and too securely to 
give place at once to war when the emergency arose. 

Just as the Hightless birds of New Zealand have more or less 
completely disappeared since the advent of carnivorous mammals, 
80 the Morioris, their happy isolation once broken, fell an easy 
prey t-o the more virile Maoris. The latter proceeded to parcel 
out the conquered country amongst themselves, claiming not 
only the land but also the inhabitants thereof, many of whom 
were masRaered under circumstances of unutterable atrocity, 
while the lemnant were speedily reduced to the condition of 
slaves. Under the changed conditions which had suddenly arisen 
in their environment the Morions were no longer fit to survive 
in the struggle for existence, they had become degenerate in a 
vital respect, and natural selection, as soon as opportunity arose, 
step[ied in and eliminated them. 

It would be easy to multiply illustrations of the great generaliza- 
tion that when removed from the struggle for existence all 
orgiuiisms tend to liecome degenerate, the organs or faculties 
which they no longer reiiuive atrophying and gradually dis- 
appearing for wimt of employment. We see this very clearly in 
the case of sedentary animals such as the nscidians <Fjgs. li'J. 
130). The young ascidiaii is a highly organized creature which 
swims netivcly about by means of a muscular tail, in the same 
way jis tlio tadpole of a frog. Like the latter it has nervous 
system, notochord and sense organs — though the sense organs 
are of a ly]m peculiar to itself — and is an undoubted chordale. 
It never, however, progresses further in organization, so as to 
attain the true vertebrate comlitioii. On the contrary, it gives up 
its active life and withdraws as far as possible from the struggle 
for existence by fixing itself to sinue rock or seaweed and envelop- 
iag its entire body in a thick protective envelope, within wliich 
it undergoes extensive degeneration. The tail and notochord 
completely disappear, so do the sense organs, none of these 
being any longer retjuired under the new conditiouB of life. The 
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nervous system dwindles away to a mere ganglion, from which a 
few nerves come off, and the entire animal is reduced to the 
condition of a hag, with two openings through which the 
remaining organs ohtain their food supply and communicate 
with the outside world by means of a stream of water maintained 
by ciliary action. 

Still more conspicuous is the degeneration undergone by 
the great majority of parasites, whether animals or plants. 
Sacculina, for example, in the earlier sbage» of its existence, is 
an active crustacean which swims vigorously about by means of 
well developed appen- 
dages. It belongs to a 
group, the barnacles or 
eirrtpedes, which are 
notorious for sedentary 
habits and consequent 
degeneration in the adult 
condition. Kacculina, 
however, not content with 
a sedentary life, goes 
further down hill and 
becomes parasitic. It 
attacks crabs, and in the 
adult state is reduced to 
the condition of a large, 
irregularly shaped bag 
{Fig. 183) fixed to the 
under surface of the crab's 
abdomen by root-like pro- 
cesses which penetrate the body of the host and extract nutri- 
ment therefrom. With the exception of these root-like processeB, 
which are a speciiil, ciuiiogentitic development, adapted for nutri- 
tion under new conditions of life, the only organs which liave 
not undergone degeneration are those of reproduction, for upon 
these depends the perpetuutioii of the race and upon these, 
therefore, natural selection in still able to retain her hold. 

It is, indeed, a general rule amongst parasitic animals that the 
reproductive organs are largely develo[ied and very complicated, 
for the conditions which have become necessary for the existence 
of these aniuials are so complex and highly specialized, while 
the chances of mating between ditTerent individuals for piirjiosea 

a. n u 




I'lO. 1811. -l^tweT surface o( a Swimming 

Crab {I'lirtiiiim (/eixirotor) with a ftoc- 
culiiia (Sac.) attached to it. (From a 
photjigraph.) 
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of bexnat reproduction are 80 remote, that the ova and spennatozna 
have to be produced iii vast numbers to compensate for the 
immense mortality which must take place amongst them and 
amongst the jooog animals to which they may give rise. Thos 




<■. INI. Tho !t,Hl.l..r, (■"*■»(. 
Kruiidi of Willow, with ] 
Scutii>ii«r ll.>»tumiriii'UHt< 



II thu Icrt. (l-'rom Strusbtirgpr.) 



otio of tlio inoHt froiiueiit results, nr at any rate concomituiits, of 
paraHitiHiii, and one wliicli is wuW tjxeraiiliiied in the case of 
Saeciiliuii, is honnaijhrwlitisni, which affords many more chances 
(cr the ttsrtilization of tlie i-ann tliaii the iiniHeximl condition. 

Ue nicet willi [ireciwdly luiuldpins [ilieinimena in the ease of 
many luuasitic piiiiitH. In tlie dodder tFiy. 184) the leaves and 
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roots havedisappearedalmostcompletely and no chlorophyll IB pro- 
duced, but special nutritive organs, the uucker-like hauatoria.are 
developed on the slender, twining utems, tind gerve to extract the 
necessary food from the host plant. The flowers, however, upon 
which the perpetuation of the race depends, still remain in a 
well developed condition. 

Both Sacculina and the dodder have lost the power of inde- 
pendent existence, and it, for any reason, they were to find 
themselves suddenly confined to an environment where there were 
no suitable hosts, their races would inevitably become extinct. 
Nature would treat them just as she is treating the wingless 
birds, and make them pay the penally for the degeneration which 
they have undergone. 

It has sometimes been pointed out as an objection to the theory 
of natural selection that it cannot account for the first origin of 
favournble variations. The theory tiikes variations for granted 
and assumes that some will be favourable and some not, that the 
former will be fostered and accumulated from generation to 
generation and the latter ruthlessly eliminated. It is further 
alleged that variations are usually so slight at their first appear- 
ance that they can have no selective value, and that something 
is wanted to account for the increase of such variations along 
apparently definite lines of utility. The theory also takes the 
inheritance of variations for granted, and many people, as we 
have seen, consider nowadays that this is not altogether a 
justifiable proceeding, that while some variations undoubtedly 
are inherited, others, and amongst them many which would be 
likely to be of the greatest value to the orgiuiisni, are not. 

We have, then, to go nmch deeper than the idea of natural 
selection Ijcforo we can roach a satisfactory working hyirathesis 
as to the manner in which organic evolution has taken place. 
The problems of variation and heredity have already lieen dealt 
with in earlier chapters, and it will be unnecessary to discuss the 
matter now at great length, but there are certain iH>ints which 
we must recapitulate in this connection. 

We have seen that Honiatogenic or Iwilily variations in the 
individual are undoubtedly brought al)out by the direct action of 
the environment and by the use and disuse of organs. We have 
also seen that blustogenic variations, which originate in the germ 
plasm, may Hkewise l>e brought about by thu action of the 
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euvirunmenl) (as in the case of the potato I)eetle as demonstrated 
by Tower), but that they probably alao arise from the miagling 
of differeitt streams of ancestral tendencies in the process of 
amphimixis or conjugation of gametes, and possibly in yet other 
ways with which we are not acquainted. 

Of course, natural selection can only influence a species 
through variations which are capable of being inherited, and it 
is, as everyone knows, urged by many modern writers that 
Bomatogeiiic variations, due either to the direct action of the 
environment or to the use and disuse of parts, cannot be 
inherited and therefore have no significance in evolution, and 
that natural selection must content herself with such fortuitous 
and non-adaptive variations as may happen to arise in the germ 
plasm. This indeed seems an extreme view, and it is just 
here that the split between the extreme selectionists, who have 
gone far l)eyond Charles Darwin in this matter, and the followers 
of Lamarck arises. The curious thing alxtut the controversy is 
that there is no inherent incompatibility between the views of 
the two schools. The theory of the iuheritance, to a limited 
extent, of acquired characters, indeed, appears to be just what is 
necessary to supply the deficiencies of that of natural selection. 

To say that acquired characters cannot \m inherited because 
we cannot see theui being inherited in our own brief lifetimes' is 
like saying that a glacier does not move Imcause we do not see it 
or feel it uioving as we walk over it. I have endeavoured to 
show in an earlier chapter that it is not difficult to imagine a 
mechanism by which sonuitogenic characters may gradually be 
converted into hlastogenic ones, and if this is in any way 
possible there is no rea.son why we should deny the i)ossibility 
of thoir inheritance. No one, however, would be rash enough 
to suppose that all that an animal or plant acquires in its 
individual lifetime is transmitted to its heirs. Nature ini]>oses 
a heavy death duty and takes away by fur the greater part of the 
capital which lias l)eon accumulated by each individual. Wc 
may suppose, however, that a traction remains, however 
unrecognizable by our limited powers, and that these 
fractionH, accumulating under the same inltuences throughout 
thousands of generations, ultimately confer upon the organism 
as a birthright thai adaptation which is essential to its existence 
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Even the individual can do much in its own lifetime to adapt 
itself to itB environment, and when the residua of all the 
individual adaptations are summed up by inheritance the result 
is such that we may well wonder how it can have been produced. 
Throughout the whole process, of course, natural selection must 
help by constantly weeding out inferiority, but it is prolMvbly 
the direct influence of the environment, including the use and 
diHUse of organs in response to that influence, that is in most 
cases the determining factor in bringing about adaptation. 

It may well be, however, that there are also cases in which 
natural selection alone, acting through the occurrence of purely 
fortuitous variations, has, in the struggle for existence, l)een 
sufficient to produce inar^'ellous adaptations. This may have 
l)eeu the case with pnitective resemblance and mimicry in form 
and colour, and with the a<laptation of flowers for fertilization by 
insects, in all of which it is difficult to see how the direct action 
of the environment or the use and disuse of organs could bring 
al)out adaptive modilicationfl. But the fact that natural selection 
al<me appears to have l>een sufficient in some canes must not 
prevent us from admitting the action of other factors in other 
cases. The fact that some carriages are pulled by motors affords 
no justification for asserting that other carriages nuiy not l>e 
pulled by horses, or that the same carriage may not at one 
time 1)6 pulled by a motor and at another by a Imrse, or even 
i>y lK)th together. Many factors unist have co-oiM'rated to 
brinfi; alxiut such a marvellously complex result as the present 
condition of the organic world, and no sufficient reason has 
yet Iteen shown for denying ourselves the assistance of 
" Lainarckian " factors in our endeavours to discover the processes 
through which this nisult has come altout.' 

^Vo may now turn our attention to a group of ciises which 
cGi'tainiy aitpoar to support the view that the factors at work in 
<leteruiinin{{ any particular line of evolution are more complex 
than might at first sight lie supposed. It is a fact wiill known 
to ))alieontol<^ists that many widely separated groups of the 
animal kingdom have, during the course of their evolution, and 
especially towards the end of that eoiirse, shown a slrongly 
marked tendency to enormous increase in sine. We et'i- this 
in the extinct eurypterids (Fig. IH7), giants amongst the 

I "T.. imist .>lliiMTillill-,'..lll|.lrXn-«lllM I.. 1-il,yl.M-l»ll«-iHlll.>"-.ll-fcl|..WII viiv 
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arthropods; in the huge labyrinthodont amphibians; in msDy 
groups of reptiles of the Secondary period, some of nbich 
attained a length of 80 feet or more, and amongst mammals in 
the extinct Tinoceras (Fig. 160) and the still surviving elephants 
and whales. Comparative anatomists are familiar with similar 
phenomena exhibited by individual organs, such aa the extra- 
ordinary development of horns and spines in many of the 
extinct reptiles referred to (Fig. 145), the immense tusks of 




Fig. 185. -Ilcnd of lUibiriisa oi/nTiit. (From Flower and LyddekerV 
" Mammale Ijiving and Extinct.") 

the babirusa (Fig. 185), and the gignntic and grotesque beak 
and " helmet" of the honibill (Fig. 186), 

The exuberant devcbipmeiit of some organs of this kind may 
possibly be attributed to the action of sexual selection, and indeed 
our daily esperieiico of our own species seems to warrant us in 
believing Ihiit there is no limit to t)ie grotesque results which 
may ensuo from the unrestricted exercise of the lesthetic facnitiee 
of either sex, but it seems hardly reasonable to attempt to 
explain all such bizarre and monstrous productions in this 

In all the cases cited, and in many others which could be 
adduced, either the entire body or some particular organ appears 
to have acquired some sort of momentum, by virtue of which it 
continues to grow far beyond the original limits of utility, although 
perhaps in .some cases a new use may be found which will assist 
the s^Kscies in maintaining itself in the struggle for existence. 
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8 increase of mere bodily size, however, seems in the 
long run to be always fatal to the race, whose place will be taken 
by smaller and presumably more active forms. The gigantic 
amphibians are all. extinct, so are the really gigantic reptiles, 
and of the gigantic mammals only a couple of species of elephants 




Fill. 188. — AUonibill.Pi'i'frvwr/itnivero*, from North- West Itunioo. (Drawn 
from a specimen in tho llritiab Museum, Niitiiral History.) 

and a few whales survive, all of which are being rapidly exter- 
minated in competition with man. 

There is perhaps some justification in recent developments of 
physiological science for the belief that a race of animals may 
acquire a momentum of the kind refernul to ; that some brake 
is normally aitplietl to the growth of organisms and organs and 
that sometimes this brake is removed, leaving the organism to 
rush onwards to destruction like a car running away down hill. 

Many modem physiologists hold the \ii'w that the growth of 
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the different parts of the animal body ia controlled by internal 
secretions, or hormones, the products of various glands. Thns 
we know that disease of the pituitary body in roan may lead to 
acromegaly, one of the symptoms of which is f^reat enlargement 
of certain parts. The most dreadful of all the diseases to which 
human beings are subject, cancer, is essentially due to an unre- 
strained multiplication of cells, and consequent abnormal growth 
of tissue, which may very possibly he correlated with the eitent 
to which some specific controlling secretion is produced in the 
body. In short, we are juBti6ed in supposing that in the individual 
growth may be normally inhibited or checked by specific secretions. 
and that in the absence of these it may continue far beyond the 
ordinary limits. 

It is difficult to see any good reason why we should not apply 
this principle to the race as well as to the individual, and. 
paradoxical as it may appear, it even seems possible to esplain 
both the growth of the organism as a whole and that of its 
various organs, beyond the limits of utility, as an indirect result 
of natuml selection. 

When a useful organ, »uch as the tusk of a wild boar, is first 
beginning to develop, or to take on some new function for the 
execution of which an increase in size will be advantageous, 
natural selection will favour those individuals in which it grows 
most rajmlly and attains the largest size in the individual lifetime. 
)f growth is normally checked and controlled by some s))ecj(ic 
secri^tion, or hormone, natural selection will favour those 
individuals in which the glands which produce this secretion are 
least developed, or at any rate least active. The process being 
repeated from generntion to genenition these glands (whatever 
may be their nature, and we nse the term "gland "for any cell 
or group of aAU which produces a specific secretion, whether 
recognizable as a distinct organ or not) may ultimately be 
eliminated, or at any rate cease altogether to produce the par- 
ticular hormone in question. Moreover, this elimination may 
titkt> place long liefore t)ie organ whose growth is being favoure<l 
by natural selection has reached the optimum siiie. When it 
has reached this optimum it is certainly desirable that it should 
grow no liirg^T, but is there now any meims by which further 
growth can be checked? The inhibiting hormone is no longer 
produced ; the brake has been removed, and further growth may 
lie supposed to take place irrespective of utility, until, when 



Digitized byGoOgle 



EXCESSIVE GROWTH 409 

the size of the organ gets too great to be any longer compatible 
with tbe well-being of the race, natural selection again stepe in 
and eliminates the race. The same argument of course applies 
to the size of the body as a whole as well as to that of its con- 
stituent parts. 

It may be thought that many of the bizarre and almost 
monstrous characters under discussion, such, for example, as 
some of the excrescences of the dermal armature in extinct 
reptiles (Fig. 145), can never have had any value as adaptations, 
and that therefore natural selection could never have encouraged 
them to increase so much in size as to get beyond her control. 
Here, however, the principle of correlation comes in. Just as 
many totally ditferent organs are alTected by disease of the 
pituitary body, so the removal of the gland which controlled the 
development of soiue undoubtedly useful organ, such as a frontal 
horn, might at the same time permit the growth of all sorts of 
excrescences which have no adaptive significance. 

Thus it appears not impossible that, the normal checks to 
growth being removed along certain lines by the action of natural 
selection, a definite direction might be given to the course of 
evolution, which the organism would continue to follow irrsHpec- 
tive both of natural selection and of the principle of use and 
disuse.' 

In the present state of our knowledge, however, the above 
suggestions can only \ie regarded as tentative. They are doubtless 
open to much criticism, and it is unfortunately imposyible to 
subject tliem to the crucial te^t of experiment. 

' I lintn illscuKinl thi» •(uenlion at RoiiicHhat ):mtt<T leogth In a )Ht|i<.'r nwl 
before llic Brilwli A-no<-i!ition tor ilic' Ailraorerot-ut of Siii-iior (p.* Iti'|«irt ut Ibe 
l><>rtM.i..iill>M(-«liii;l, l'.)ll). 
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Artificial selection— Con tiimoUB and single selection — The mutation thson 
of the iirigin of spccioa — Mutual adaptation — Unit cbaracten— 
iHolatiou — Physiological selection — Nun-adaptire chamcters — II* 
evolution uf man. 

It htm long been recognized that much light may he throvn 
upon the problem of the origin oF species bj tbe carefal 
study of the methods which mankind has adopted for the 
improvement of the various races of cultivated plants and 
domesticated nninmln. >[ftny such races have been so greatly 
mollified that, did they occur in what is commonly called a state 
of nature, we should l)e obliged to regard them as distinct species. 
The history of some of these is lost in antiquity and we have no 
positive Knowledge of the methods by which the improvement of 
wild species was lirat effected. Wo may assume, however, with 
some degree of confidence, that the earliest breeders and 
cuUivatora would select for cultivation and propagation those 
individuals which ofTeied them the most valuable qualities, and 
that they would reject such as exhibited marked sifrns of 
inferiority, Tliiri process, repeated from generation to generation 
through tlion^iands of years, and aided in each generation by the 
diri'ct ell'uc'ts of cultiviition, could not fail to bring about con- 
w))icuous results. For an account of what has been efTected 
in Ibis niannur the student should consult Charles I>arwin'jt 
<liiKsical work on the " Variation of Animals and Plants under 
j'onu'sticatiiMi.'" 

The almost nncmiscious effortH of our ancestors have given 
place in modern times to deliliorate and systematic attempts to 
discover the principles upon nliich the improvement of cultivated 
races, lK)tb of jilants and animals, should )>e based. 

I'lrhups ii(» species of plants have been more improved by 
uiiin than the various* cereals upon which he relies so largoly for 
bis fiiod supply. Professor de Vries, in bis intereHting l)o<>k on 
" Plimt-lbf^eding." ' describes how such impnivement has l>een 



Digitized byGoOgle 



CONTINUOUS SELECTION 411 

effected in recent times. In the first place much care and 
thought have been devoted to carrying out experiments in 
accordance with the principle of continuous selection : — 

" The general custom [in Germany] was to start such esperi- 
raents from the best local or improved varieties by an initial choice 
of a certain number of typical heads. Such a group of selected 
plants was called the 6lite, and this elite had to be ameliorated 
according to the prevailing demands or even simply in accordance 
with some ideal model. Year after year, the best ears of the 
elite group were chosen for the continuance of the strain or 
family, and slowly, but gradually, its qualities were seen to 
improve in the desired direction. After some years, such a 
family might become decidedly better than the variety from 
which it had l)een derived. Then its yearly harv'est would be 
divided into two parts, after having l>een sufficiently purified by 
the rejection of accidental ears of minor worth. The best ears 
were carefully sought out and laid aside tor the continuance of 
the 6lite strain, but the remainder were sown on a distant field 
in order to bcmultipliedasfastas possible. By this means, after 
a multiplication during two or three generations, its product 
could l>e used as seed grain for the farm or sold to others for 
the same purpose. Each year the ilite would, of course, give a 
new and better harvest which could be multiplied and sold in the 
same manner." ' 

By this method improvement may undoubtedly be effected, 
but the selection has to be constantly repeate<I, otherwise the 
improved strain rapidly deteriorates again. Indeed il may l>e 
questioned whether it is possible in this way to effect any per- 
manent improvement, at any rate in the case of cereals. One 
reason for this appears to be that we are dealing all the time, 
not with a single pure race, but with a mixture of distinct races. 
We must also rememlier that many of the characters which it is 
desired to {)erpetuate and increase nuiy be the direct result of the 
cultural methods employed, and, as wc have already seen, we 
cannot exixjct such causes to province visibly heritable effects in 
the course of a few generations, wbateviir thf.y might do in the 
long rim. 

We have had occasion to point out in an earlier chaptt^r that, 
according to I'rofesaor tie Vries, new si>ecics arise, in u state of 
nature, not by the accnnnilation in {tarlicular directions of snuill, 
fluctuating variations, but by the sudden apiKinrance of those 
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more conspicnoue variations known as mutations. De Vrie 
poitits out that many of the ao-called Liniiean speei& 
Buch AB Dialm rerna, are in reality luade up of a Urgt 
niiinher of "elementary species " which have arisen in tli- 
manner, nnd certain reanllB which have been obtained in eiperi- 
nients upon the improvement of cereals appear at first sight to 
afford considerable support to these views. 

It has long l>een known that an ordinary iield of wheat mo- 1 
taina a larger or smaller numl)er of "types," " niutations.-w 
" elementary species," which can Ite recognized by the experienced 
eye, ami it baa l>een shown that if a single plant of one of thtae 
types be isolated it will produce offspring like itself and (.'ontiane 
to breed true for an indefinite number of generations. Of couree 
it is necessary that there should be no crossing with other 
types, but this is easily avoided, for, although accideotil 
croHsea may occur, the cereals, with the exception of rye, tK 
usually self- fertilizing. Upon this knowledge is founded the 
method of single as opposed to continuous selection, a single 
selection of a suitable type )>eing enough to establish the desired 
Btniin. 

One of the first to make use of the method of single selectioDf 
was I'ntrick Shirreff : — 

" IIIp first discovery was made in the year 1819. He observed 
a plant of wheat which aurpassed its neighbors by its high 
degre*! of branching. It yielded 03 ears with al>oul STiOO 
kernels. He saved the seeds, sowed Iheni on a separate field 
and at considerable distances apart so as to induce in all the 
plants the same rich branching. He contrived to multiply it so 
rapidly that it took only two generations to get seed enough tii 
bring it advantageously into the trade. He gave it the name of 
JIungoHweli's whfiat, and it soon became one of the moat profit- 
able varieties of Scotland. It bus found its way into Englaud 
and into Fniuce, where it is still considered one of the best sorts 
of wheat." ' 

The sanip method has been subjected to severe tests and 
placed upon a thoroughly scientific footing at the Swedish 
Agricultural Station of SvaKif. 

We Imve seen, in Ghupler XIV, that hybridization may 
occaaioniilly give rise to permanent races or strains exhibiting 
new combiniitions of characters, and that ibis takes place in 
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accordance with Mendelian principles. It cannot be doubted that 
hybridization ocoura occasionally in cultivated cereals, and 
Professor de Vries is of opinion that the occurrence of the 
different types or mntations is often the rcBult of hybridization 
at various periods in the history of the race : — - 

"Experience, however, ehowB that in ordinary fields almost 
all possible combinations may be met with, and it is to l>e pre- 
sumed that at least the greater number of them are due to 
crosses in previous and, perhaps, in )ong-forgotten years."' 

Some of these combinations, as might l)e expected, are not 
stable but spUt up into a number of varieties in the nest 
generation, but also: — 

" We may conclude that some, and perhaps many, of the types 
which may \ie selected and isolated in the tields and which prove 
to be constant races must lie of hybrid origin." '' 

De Vries maintains that in the case of the cereals so many of 
these " types " now lie ready to our hand that all we have to do 
is to pick out those which we require and cultivate Ihem in 
isolation from each other and from the remainder.^ Professor 
BifTen has shown, however, as we have already pointed out in 
Chapter XIV, that it is possible by intelligent artificial hylx-idi- 
zation to produce yet other stable combinations or hybrids 
which may surpass in value any which have accidentally arisen 
in the past. 

It appears, then, that many at any rate of the so-called 
mutations or ty{>cu amongst cereals are due to hybridization. 
How far this applies to mutations in general it is quite impossible 
to decide. That it is not ai ways so, however, ajipears to be proved 
by the occurrence of such miitntions or sports as hexadactylism, 
which are known to be inherited and which cannot have 
arisen in this way. 

I)e Vrios tells us in another work that :— 

"According to the theory of mutation species have not arisen 
gradually as the result of selection operating for hundreds, or 
thousauds, of years but discontinuously by sudden, however 
small, changes. In contradistinction to fluctuating variations 
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414 OUTLINES OF EVOLUTIONARY BIOLOGY 

which are merely of a plus or fninn« character the changes whith 
we call muttttions are given off in almost every manner of nei 
direction. They only appear from time to time, their periodiiin 
being probably due to perfectly definite but hitherto undiscovereli 
causes. 

" The theory of the inheritance of acquired characters coma 
under the heading of fluctuations. Acquired characters hare 
nothinR to do with the origin of species. Nor can the tfaeorrrf 
descent be applied to the solution of social problems." ' 

There is here no suggestion of a hybrid origin for the 
umtations in question. If, however, as seems probable, a largt 
proportion of so-called mutations are really the resultof byliridi- 
zation, and if, as we showed in Chapter XIV, hybrids tend tolie 
automatically eUminated in a state of nature — though of cour* 
there in nothing to prevent a constant hybrid from being pre- 
served if it happens to possess characters peculiarly favouralile 
to its own existence— it does not seem likely that such mutation: 
can have played any very great part in organic evolution. In 
any case there is no need to suppose that the theories of mata- 
tion and natural selection are mutually exclusive, for, however 
new cliaracters may arise, they must be subject to the action of 
natural selection in the struggle for existence. 

I'rotesaor de Vries' objection to small, fluctuating variations (i9 
ihe material upon which natural selection operates in the 
Miodificiitioii of spuciea appears to be based upon the view ibat 
such characters are acquired in the lifetime of the individual 
and cannot be inherited. It, however, we admit that a soma- 
togenic character may, in the course of many generation; 
and under the continued intluenee of the same conditions which 
originally called it forth, become converted into a blastogtnit; 
character, this difficulty L'utirely disappears. 

It is extremely hard to believe that mutations, which, apart 
from the occurrence of hybrid ization, seem to occur very rarelv 
and at long intervitlH, can have afrorded sufficient opportunity 
for the production of all the marvellons adaptations which exist 
in nature. Take, for example, the mutual adaptations which vi 
sec between the length of the nectary in certain flowers and the 
length of the prolioscis in the insects which fertilize them. We 
ciinnot Hupiiost- that either the elongated nectary or the elongated 
proboscJM arose by Hudden mutations, for unless these mutatioiiE 
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took place simultaneously in ftower and insect, and in the same 
locality, and in a sufficient number of each, a supposition which, 
to Buy the least of it, ib wildly improbable, the delicate correla- 
tion l>etween the two would be thrown out of gear and the 
individuals exhibiting the mutations would be eliminated by 
natural selection because they were no longer sufficiently well 
adapted to the very special conditions of their environment. 

\Ve can only believe that the increase iit length of nectary and 
proboeeis took place so slowly that their reciprocal adaptation 
was never upset. A slight increiise in the length of the nectary 
obliged the insect to poke further into the Hower for the honey 
and thus increased the chances of fertilization. A slight increase 
in the length of the proboscis enabled the insect to get more 
honey and thus gave it a l>etter chance of existence. After 
perhaps many thousands of generations, under the influence of 
natural selection, combined in the case of the insect with the 
effects of use and disuse, the prei^ent enormous lengths of 
proboscis and nectary have been attained, and no one doubts the 
fact that they have Iiecome blaetogenic characters. 

The same argument applies to all accurate adaptations to 
special conditions of the environment. How can we explain the 
facts of ]>rotective resemblance and mimicry except as due to the 
accumulation under the intluonce of natural selection of what 
Charles Darwin called slow successive variations? How, again, 
can the theory of mutation be applied to such cases as that of 
the flightless birds on oceanic islands? Who can doubt that 
the reduction of the wings and the loss of the powor of Hight has 
been brought al>out slowly and gradually as a result of disuse ? 
and at the same time who would venture to argue that the 
flightless birds are not specifically distinct from tht;ir nctivuly 
flying ancestors '? If it be urged that mutations may lie so small 
as to 1)6 almost imimrceptible, then we must ask how do they 
differ from fluctuatiitg variations? and if we are told that they 
occur very rarely and do not Huctuate, that very answer is 
sufficient to show that they can hardly have given rise to adaptive 
modiflcations. 

]>e Vries' theory of the origin of species by mutation is 
supjiosed to harmonize with the Mendelian principle of unit 
characters, but we have to itsk ourselves, huw do new unit 
characters arise in the tirst instance? It seems at least as 
probable thai they arise by the gradual accumulation of slight 
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llnf^tniitiiiir v^riACiona iinil^r the concr^l <)f oacnrai i^tataaa m 

thai thtij nris^nAO: in *aj icher vav duu •■lui be : 

the prfiaent jbite of our knowteti^ : uul eT%n if diess ttl 

Are al tirtC punlj ^maSntP^nic. w>* mar Tnpp<w« riiar 

conrsft of manv j^nemuoait ihey gnwin&llT -tiiirs i en 
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havii airily ^aiii on this -ribjett whea ilHtHn^ «i£b ch^ 3ir>W7 

of h(-x*:iiitj . 



fnie of th>^ muftt imp^'fUnl facbrts in brimpng iibivat -iiTiinKnt 
«7oliuion in nn<loiil>te>lly i.-)Okcion. However a n>iw i-hm-M-pr 
m»y hava ari.^n it ia iia^fU Co be swampeii by the opt^ane -if 
ihe indiTitinah which iMinfihiB ic with ochi^rs whkh liii aoc pt'Setss 
it nnlefln \ij ^ime reieanit or other (ht^ two <!xonpfi Are prgg wux t 
from intfirhreeding. We i^annot fail to ^iee the inipDrunceof EWh^ 
principle when we •tndy the fanna an-l dora of reauMe it^Iiuiitt. 
an<l their relation.ibi[>^ to thif^e of the neikr^bC tfOOCment^ arens 
or of other Utan<U 
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ti'Tpf-s.riori t'Kik filiu:-. wbi-m cii:i.-w:il ih-: two t" b*r ?«rparaGcii pv 
a wi'l^: ti'^'jl '.'f ■.■<.viir;. Ail wiio L.iv- i:.;'lini th»; ■ju.iisti.^in arr 
n^r,^l :Lit thr f^.ir.it Fir.i rl-jn of tb-r C'ia:haiii laia^.!- at": 
,!r'ip:y i.-.!,r.r.i .i-.c.icLm-nt« .,t ■'::■.- ■.? NVw Z-a!in.l. M.ir.v 
i[,.H-i_,. ,.-;-^;U:!y -.f -h-r r.U-.ir. ::-■ : i^:.;;.:;tl ^^ich Stw Z^aL*-i 
.-[■«:i--. i-i: ii:a';T o-.h^r^. ti." i.i- ■■:'.• '~'-'.y r-l.ifc-i to th.-s^ ...f N--s 
Zritl-ii.'i. :ir- (.■".■n.-i'l-rr-i iy ■-. •-•-n.-iil-x- :• !•• -[^^-iiittilly .iiitiiiL-:. 
ai.'i :h>ry w.'i.':ir r.^wh---.- -l-r- i;. ti.- -i ■:■;■]. 

W- Livr iirr-- ,ir. --i;-!;-;,: i.i-iTtn::'!. "f ch-: <:if«:L- -f 
•j'i'.-jriphi'.ML i~ !.!::■ !;. ■■'i.i-.-h w-r -h.ill I- .li'k to appn^i-uU: 
i-rit^r. f-^/h.ii'S. a x-r iT' :;rl:;- o'ir a:>:. ;:■■;. :■■ if<-w typiv-al c-a^^r*. 
Tli-r ■:■ '2x010!; N-T Zr;;!ai. 1 X ■ •! [■:;:*' .'ri. I.' iiy- !■'■ 'i-ii H'intyh-i-M< 
u. .-...z.-.u.,.. i:s. ij r-t-r-^-'-t'-.i ■r. :he (/iMihiru.- by a jpri:;Vs 
kr.'-wn AS '.'c/- 1 '•!.■' iU- ."ii'"i-it ■i-ri-fi-'-.t-i*. AiSfrria-z '^■'•li 
olightiy f."'Uj i;:^ ::-,™ ^'-rQ'!- o>:.^->-r.frr, ■wi-l triT New ZcAUu-t 
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lizard, Lyptoma mocn, ia represented on Pitt Island (one of the 
Cbathams) by a very eimiliir form described by Mr. Boulenger 
under tbe name Lygninma tli-mli/i. The remarkable New Zealand 
lance- woods {Pseiuhpanaj- crasgijbliam and I'.fitnyx) are repre- 
sented on Chatham Island by tiie closely related I'aeiuhipanax 
chalhaiiikiim, and tbe Chatham Island ribbun-wood also differs 
slightly from the common New Zealand species {PlaijianlhiiH 
betulinus). 

The explanation of these differences is that the two portions 
into which each of tbe species mentioned became divided when 
the Chatham Islands were separated from New Zealand have 
diverged from one another and followed somewhat different lines 
of evolution. Owing, perhaps, to slightly different conditions of 
the environment, or to other causes which it is impossible to 
specify, one or both has become modified to a greater or less 
extent in its own particular direction and, owing to tbe 
geographical isolation, there baa been no interbreeding between 
the two sections to keep them both in the same average condition. 

Tbe principle of isolation fully explains why the fauna and flora 
of oceanic islands in general are made up almost entirely of 
peculiar species found nowhere elae in the world. The ancestors 
of these species were originally derived from some very distant, 
probably continental area, and their descendants have had few 
if any opportunities of interbreeding with the parent species, 
from which they have gradually diverged further and further 
under their new conditions of life. 

Certain writers, such as Mr. (iulick and Dr. Romanes, have 
maintained that tbe mere neparation of a species into two or 
more sections which are prevented from interbreetling would 
Buflice to ))riug about divergent evolution, irrespective of whether 
or not the separate sections were exposed to different environ- 
mental conditions. It would probably l)e impossible to divide 
a Hiiecies into two sections whose average qualities are identical, 
and ; — 

" No matter ]n)w infinitcsimally small tbe difference may lie 
betwoen the average qualities of an isolated section ot a si>eciee 
compiired with the average qualities of the rest of that species, if 
the isolation contiinicH sufficiently long, differentiation of specific 
type is neceaaarily Ixiund to ensue."' 

' llomnnrs, ■' Usruin ati.l iifi.-r Harwiri," V..I. III. '• Isolntl.in nml I'liy^iol.^™! 
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If isolation IB necesBar; for the establishment of new spedn 
by divergent evolution, why, it may be asked, do we find closeh 
related speciee, which we must suppose to be descended Iron 
common ancestors at no very distant period, actually inhabitinj; 
the same areas at the present time? The answer is tfant then 
are other means by which groups of organisms can be prevenkil 
from interbreeding Iwsides gi-onraphkal isolatioD. 

It used to be Bupi>08e<l that one of the best tests of the specific 
diBtinctnesB of any two forms was their incapacity for breeding 
together and producing fertile offspring.' The mule, it is true, 
is the offspring of parents belonging to two distinct species, tlie 
ass and the horse, but the mule is almost always sterile, and mosi 
well characterized species^ are incapable of breeding together al 
all. ThiH fact has been regarded by many people as a most serioas 
difficulty in the way of comparing the origin of species by natsnl 
selection witli the results produced amongst domesticated plaoti 
and animals by artificial selection, for the products of artificial 
selection, however much they may differ from one another, if 
they have l)een derived from the Bame parent species will 
remain capable of breeding together with perfect fertility. 

The sr>lution of this difficulty is to be found in the theory of 
" riiysidlogical Selection," which we owe to Mr. Gulick, Dr. 
Bomanes and others. These writers point out that amongst 
the endless variations to which plants and animals are subject 
will be variations in the reproductive system, by which certain 
individuals will be rendered infertile when crossed with others 
of the same species, while remaining fertile with individuals 
which have varied in the same manner as themselves. In this way 
a species may be as effectively divided into two sections as by any 
geographical barrier, and under these circumstances divergent 
evolution may Ih; expectf'd to take place. According to this view 
tbemiiLuiil sterility which, to a greater or less extent, undoubtedly 
does characterize distinct species in a state of nature, is the 
cause and not the result of their distinctness, and cannot be 
regarded as a reason for supposing that there is any essential 
difference bet wet.' n the processes of artificial and natural 
selection. In arlificial selection it is merely another kind of 

' Altli<iu{.'li l^niim'k [>i>itil<il :>ui ji o'tiliirv :i^'<i Ilinl lliis is rcnllr iiiicritiTioii of 
BiHrriHi-ilMiiii'iUin. Tli.> i.l.n iliiii il is m is' dearly exi-rt-sswl by llulfuii(- Iliatuin: 
Niilurelli," Tniii. VI, IT.'iH, |>. If.). 
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isolation that h&s been employed to prevent the swamping 
effectd of intercrOBHing; but it is an isolation that may be 
broken through at any moment, and if all the different varieties 
of some domesLic plant or animal were turned loose to struggle 
for existence and interbreed with one another and with the 
parent species in a state of nature, they would probably in most 
cases very soon cease to have any separate existence. 



The theory of natural selection, combined with that of the 
gradual inheritance of the effects of use and disuse and of other 
modifications brought about by the long-continued influence of 
the environment, affords a satisfactory explanation of the evolu- 
tion of adaptive characters. Many if not all organisms, how- 
ever, exhibit characters to which we can assign no adaptive value, 
which do not seem to be of any particular use to the organism in 
tlie struggle for existence, or which apparently might, so far as 
utility is concerned, be equally well replaced by any one of a 
number of alternative characters. 

Amongst the microscopic Protozoa s^^ecies are frequently 
distinguished from one another by minute differences in the form 
or ornamentation of the skeleton (compare Figs. 9 and 4). 
Different species of the genus Lagena (Fig. 4),' amongst the 
Foraminifera, for example, exhibit different sculptured patterns 
upon their flask-shaped calcareous shells. Are we to suppose 
that it is of any consequence to the gelatinous, Amu?ba-Iike 
inhabitant of the llask whether its shell be ornameoted in one 
way rather than in another? Does one pattern help a uni- 
cellular foraminiferan or radiolarian more than another in the 
struggle for existence ? The same argument applies to the 
extremely minute siliceous flesh-spicules or microscleres 
which occur scattered without order thiougli the ground sub- 
stance of many sponges, and the form of which is regarded by 
those who have studied the question as by far the most reliable 
guide, not only in the recognition of species, but also in the 
grouping of these species in genera and families. Take, for 
example, the wonderful chela; (Fig. IHI), characteristic of the 
family Desmacidonidie. Different genera and sjiecios are dis- 
tinguished by differences in the size, shape and number of 
m<l l»u ill ihu luttuiii riglii haml 



Digitized byGoOgle 



420 OUTLINES OP EVOLUTIONARY BIOLOGY 

the teeth of these microscopic and apparently useless organs — 
useless at &ny rate bo far as their geuerlc and specific characters 
are concerned, for what can it matter to the sponge whether the 
nnmher of the teeth be three or more or less, or whether the teeth 
at the two ends of the spicule be eqaal or uneqaal? Yet, in the 
course of evolution, such characters as these bare become more 




. IST.- ffilitooHB Siiifulcs ;(heliiO ot f^imniX". [After EiOlcv . 
l>eiiiiy, ill '■Challeiifwr' licji-.rt.) 



or luss fixed and constant and tlu-v are evidently handed down 
from Kdneration to Kcnerutiiin by tlie ordiiiiiiy [micfss of heredity.' 
We pointed out in an earlier cliapter llint the external form 
of the entire sponge is, in some caj^ts at any rate, explicable 
as an adaptiitiun to pecnliiir cnnciilions ut the environment- 
\Ve saw this is the Cftse of the eurioiis " Crinorhiza " form 
(Fij;. IfW) which prevents the si>"ii<];e from ^iukinj,' into the soft 
mini or ooze on which it ii'Sits, Let us {^liinct- f'lr ii moment, 
howevir, ut aiioUiei- d<ep si-a sponyt'. Kxp- rifi'si« •luiUeii-nii, 
dredtjed up by the ■■Challenger" Ex]>editi"n from a depth of 
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825 fathoms in the Halay Archipelago. In some respects this is 
the most remarkable sponge that has ever bean diKcovered. Its 
form (Fig. 188) is absolutely uoique and resembles rather that of 
some graceful plant than those of other sponges. It belongs to a 
group of sponges whose members occur 
mostly in much shallower water and are by 
no means distinguished by ))eauty or sym- 
metry of shape. In spiculation, moreover, 
and other minute anatomical features, it 
exhibits no striking peculiarities ; indeed, eo 
closely does it agree with more ordinary 
species of Esperlopsis that it has not as 
yet bean considered necessary to separate it 
generically. How then can we account for 
this wonderful form? Can we say that it 
is an adaptation to any special conditions of 
the environment? It hardly weems likely 
that this is the case, for we know that the 
relatives of this sponge gat on well enough 
with alt sorts of other forme, for the most 
part more or less irregular and ill-defined, 
and we know of nothing in the conditions 
under which it Uves to make such a unique and 
beautiful form especially advantageous. The 
" Challenger" obtained no less than thirteen 
specimens of this sponge at the same place, 
and the form appears to be quite constant. 
No doubt the undisturbed condition of the 
sea at great depths favours symmetry of 
growth in sessile orgaiiismH like sponges, 
but why this particular and absolutely unique 
8hai>e, so different from anything else that 
has ever been met with ? 

These are questions which we cannot 
answer, and it must suffice to point out that such cases can hardly 
1)6 explained by the theory of natural selection. Many factors muHt 
combine in determining the course of evolution of any particular 
organiHm, aitd some of the characters which result from their 
interaction may perhaps have no more direct relation to the 
necessities of the organism in the struggle for existence than has 
the colour of a pebble to its continued exislence on the sea-shore. 



Hi. 188.- Kiii<frii>itiii3 
'•/.alleii'jfri, x i- 
(.\ftor llidley uii'^l 
Tiondy, in " Chal- 
leiiKiT" Iteport.) 
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The MppHtuifjB *A the pnnafJes of im^atae enimt^jn to the 
\tnAAnut of tfafc ori^n awl ym^e^ of the hinBSn T«f« cuidm be 
a4'^|riab:lT iI^aIi vitii in the pneseot T^>laiiie. vhile u ibe smme 
tiifi'; wf; cannot aitjgether igoorc ii. for D-^t oolj i~ it in nan 
liii/iwrif lliat «« ftrtd tlit: mo^t nemar^bie Qltiatratii^n of vbat 
tiatt >'<;«» ftceompliiibed br evcJntioo, bat the fototE progress of 
lfi»rikin'l i/iaRt depend in large me«siu« aptm the eomct 
tiiii\f.Ti-ihuA'mu,olihe principles in qoestion. 

iUiditii, uv}Tt: than a century ago, pointed oat the close resem- 
\>\t\ui:i: in unatomical Etructure between man and tbe bigher 
u.\it-M, Hui\ it JM dr-ar that loth be and Lamarck itere onlj pce- 
v-uU-A by n;]i(;ioti8 licniples (rom definitely maintaining the 
tirif/ni of tilt: IjtiifiHn K{>ecies from ape-like ancestors, a view 
wbii:)j lit l,l](! jir<:M;i]t tiiiK: IS aniversallr accepted amongst 
i!c.i«ril.illr tfit:ri. TIjih reluctance to admit the obWously close 
riiliLli'iiDiliip of tbf; liiiiiiAii species with tbe aj>es was one of tbe 
I'Vil rcHiillx iif l)i(> iijUtll<;cliial <lisboiiesty and oltscurantism of 
till' iiiiililli^ iii;>-H. If u(s (^n back to the days of Carthage, we 
Dii'l Dull, lliii ixjilorcr Hiitiiio did not hesitate to s{)eak of tbe 
" l'iinllii>i " ' wliich ]\i: uifX viiih in Africa as hairy men and 
w'liiMiii (if Ui(i wihiiIm, mill (illhough this was doubtless going too 
till' III Ihii ii|jpriHiUi ilii^<:lioii,il shows not only that he recognized 
lb" 11 liilioiiHliiii but. uli-n tiiHl hi; nppioached the question with a 
It I.nliii.ly fic, from pn^mlici;. 

Miiii ill (irid iif l.h(\ liit<!Ht products of oryunic evolution, and his 
M|i|>iiiiriiiicii upon tJifwiiiifi ]ir>Msib!ydo<iB not date further back than 

rhiic I.iiiii'ii. Il JH suid thiLt tlint llakt's of human worknjan- 

iibi|i liiuK liM'ti iliMfoviiiiid in (larly I'liucene dej^sits of Burmab, 
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but perhaps the earliest actually human fossil so far known is 
n lower jaw of very massive form which was found in a deposit 
of late Pliocene or early Pleistocene age near Heidellierg, and 
described by Scbcfteneack in 1!>08 under the name Homo 
kruleUieigeiisU. This name implies that in tbe opinion of its 
author the fossil man of Heidelberg was generically, but not 
specifically, identical with the human beings which now exist. 
Tbe question of the distinction of species in tbe genus Homo, 
however, is, as in most other genera, a very difficult one, and 
opinions are divided as to whether only one or several species 
sfaould be recognized amongst the existing races of mankind. 

So close is the anatomical agreement between the genus 
Homo and tbe higher apes that there is little room for con- 
necting links between them, tbe difliculty being rather to find 
any definite characters by which they can be separated than to 
discover reasons for bringing them together. Nevertheless, the 
gap, small as it is, has been filled by the discovery, by Dr. 
Dubois in 1894, of tbe remains of a semi-buman, ape-like 
creature, to wbich the name I'ithicaiilhropvK riectns has t)een 
given. These remains were found in Pliocene strata in the 
island of Java and consist of & portion of a cranium, a thigh 
bone and two molar teeth.' 

In deposits of Pleistocene age undoubtedly human remains 
become fairly abundant, and are found associated with the bones 
of other mammals, of which many, such as tbe mammoth, the 
cave bear and tbe woolly rhinoceros, are now extinct. 

The chief factors which contributed towards the gradual 
transformation of ape-tike into human creatures were doubtless 
the same as those which have operated in the evolution of other 
branches of the animal kingdom, namely, the efforts which the 
ancestral forms were obliged to make in order to maintain them- 
selves in the struggle for existence and the natural selection of 
favourable varititiuns. In no group of the animal kingdom do we 
see better illustrated the importance of Lamarck's principle of 
the effect of changed habits upon bodily organization.^ 

The anthropoid ancestors of man were undoubtedly, like 



' Suaiu ■ullmriliug n-|,iknl ttiuii: i 
o{)iDioii it ilHL'lf vcr)' iiiaiructivo. 



jt truly human, i'lit dilfL-ri 



^ n&m-in, iiiilwithiiriLiirltiii; what lii' ^ys in tin- sixth olitioii <>[ tl 
»|.H;ivit" nUmi tln' i-iri-fls cif iiw iiml Mmim: t<|u.itt>.l "ii |>. SUaj, ■ 
- llesFL-iil i>t Mini " CK<<. -2, |i. Dl'J). Ihiil riiaii \\aa riwii (liivugh liis i, 
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exiBting Simiidte, arboreal in habit. Tbetr timbs, whose primi- 
tire pentadactyl structure indicatet^ their origin from some 
little-specialized mamiiiaHan type, had ceased to be used excla- 
sively as organs of locomotion on the ground and become adapted 
for climbing trees. Hence the opposable toe and thumb, which 
enabled their possessor to obtain a firm grasp of the branches. 
In the existing apes hand and foot are very similar, and both, 
as regards function, partake as much of the nature of hand as uf 
foot, whence the name " Quadrumana" applied to the group by 
the older naturalists. In many of the lower apes or monkeys a 
long prehensile tail, which can be twisted round the branches, is 
of great assistance to the animals in their arboreal habits, hnt 
in the higher forms, such as the chimpanzee, the gorilla and 
the orang utan, the tail has already disappeared. 

These tailless forms are still mainly arboreal, but when they 
have occasion to come to the ground they assume a semi-erect 
posture in locomotion. In walking tbey usually put their hands 
to the ground, but generally resting upon the backs of the fingers, 
instead of upon the palms as in the lower apes.* Hence in these 
large old-world apes the hands and feet are more completely 
differentiated from one another. 

The next step in the evolution of man was probably the 
gradual abandoning of arboreal habits and the assumption of a 
more completely erect attitude during locomotion. This appears 
to have been the real starting point of his human career. It 
was this change ot habit which led to those structural modifica- 
tions required to balance the body properly in its new position, 
and to the further differentiation between band and toot, the 
latter being used to the complete exclusion of the former as an 
organ of locomotion and at the same time losing its prehensile 
character, so that one of the chief distinguisliing features between 
man and the higher apes is that in man the great toe has ceased 
to be opi>osable. 

In Ibis way the hand was completely set at liberty for the 
purposes of a prehensile organ. It was, however, no longer used, 
as in the apes, chiefly for laying hold of )>ranches in climbing 
and for conveying food to the mouth, but more for grasping 
loose objects and converting them into weairons or tools for 
different purposes. Hanno observed that llie anthropoid apes 
which he met with in Africa defended themselves with stones, 

' H.1, ll.^l.Llnl. ■■M:iniiiialiH' (CiiiibiiilHC NnLinil Hisliirv. V„l. X). p. ."U. 
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80 that we can hardly say that the use of tools or weapons is an 
escluaively hnmaii attrihute ; liut the hand of mini ie undonhtedly 
one of liis most characteristic features, and by its aid man has 
l)eeu able to make for himself an unlimited number of what are 
really additional organs, derived not from his own body but from 
his environment. 

To the experience gained l)y the exercise nf the hands in so 
many different ways must also lie attrii»uted in large meaaupe 
the extraordinary mental and moral development which, more than 
anything else, separates mankind from the apes. The constant 
exploitation of the environment stimulated and exercised the brain, 
which in turn suggested methods of employing the hands and 
the tools which they bad constructed to ever greater advantage; 
and thus both hand and brain progressed until they attained their 
present wonderful state of efficiency. 

The development of the brain has, however, long since taken 
the lead in human evolution and, considering the immense 
difference in intellectual capacity, it is surprising that there 
should be so little structural difference lietween the brain of 
man and that of the higher apes. As Huxley has pointed 
out: — 

"It is only in minor characters, such as the greater excavation 
of the anterior lobes, the constant presence of fissures usually 
absent in man, and the different disposition and proportions of 
some convolutions, that the Chimpanzee's or the Orang's brain 
can he structurally distinguished from Man's."' 

Intellectual capacity appears, however, to depend mainly upon 
the size of the cerebral hemispheres, which is doubtless correlated 
with the number of nerve cells present, and in this respect the 
human brain is far in advance of that of any ape. 

One of the most important characters which differentiate man- 
kind from the apes is the faculty of articulate speech, but even this 
nndouhtedly had its be<{innings in the inarticulate sounds made 
by ape-like ancestors, either us spontaneous ex2>ression8 of their 
emotions or as a means of communicating more or less definite 
ideas to one another. The development of speech pnividetl a 
new means for the transmission of exiwriences fnim one genera- 
tio!i to the nest, and as a consequence knowledge began to 
accumulate in the minds of the human race. When oral tradition 

■ fluxluy. ■■Mails I'lniv in Naliir.'," |i. 34ii t<''illi''<iil KsMivs. Vnl. VII)- 
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control the future of the buumn race until we tiave familiurized 
ourselveB with the past, and learned to recognize the part 
playeiJ by the iiamerous different factors which have been con- 
cerned in the evolution, not only of mankind, but of the whole 
organic world. 

It niuat always he remembered that the problem before us is 
one of extreme complexity, and that we cannot alTord to neglect 
any of the factors involved. Above all, we must avoid dogma- 
tizing on an insiifGcieut basis of fact. If, for example, the very 
modern doctrine of the non -inheritance of acquired characters is 
allowed to influence the actions of men and women, and if, after 
all, this doctrine should prove to be erroneous, as seems highly 
probable at the present time, the attempt to apply biological 
principles to the welfare of humanity may well end in disaster. 
The penalty which each generation has to pay, in regard to 
)x>d)ly and mental organization, for the mistakiis and misfortunes 
of its ancestors, may, in most cases, lie a very small one ; but if 
there is any penalty at all, and if the mistakes are continued 
from generation to generation, it will surely be a cumulative one. 

In dealing with problems of this kind a rational conservatism, 
with a mind always open to conviction, seems the only safe 
attitude to adopt. 
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